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Abstract 
Various levels of government try to manage the spread of urbanization and the increasing 
threat to open space and agricultural lands by implementing various comprehensive or 
conservation plans. Extensive research has also studied the changing landscape using remote 
sensing and GIS, yet little has been done to connect the environmental policies with these 
technologies. Using Tompkins County, New York as a case study, this project attempts to 
combine these two aspects by examining how land-cover and land-use is changing over time 
with respect to environmental policies put in place at various governmental levels. Each town in 
the county has developed its own comprehensive plan within the last fifteen years. Furthermore, 
at the county level, agricultural and open space conservation plans have been drawn up in 
addition to a county-wide comprehensive plan. Protection of open space and aid in development 
extends up through the state level with the New York State Open Space Conservation Plans, first 
published in 1992. Using GIS and remote sensing, land-use and land-cover classification maps 
were created for five years between 1991 and 2012. The change in open space was calculated at 
the county and town level. Using the textual analysis software Leximancer, seventeen documents 
from the town, county, and state level were examined for major themes and concepts. The results 
of the textual analysis were compared to the GIS results to determine whether changes in the 
landscape can be attributed to policies enacted at various governmental levels. This project found 
that environmental plans have shifted over time with changes in society but that different levels 
of government often focus on different factors. Further, changes in the landscape can be more 
strongly associated with local government plans rather than those at the state level.  
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Chapter 1: Introduction 
 
Urban growth coupled with the destruction of natural landscapes has been on the rise 
since the Industrial Revolution. In the United States from 1973 to 2000 approximately 90,000 
km2 of agricultural land and 97,000 km2 of forested land were lost while development increased 
by 33% with conversion to urban areas accelerating over time (Sleeter et al. 2013). Today urban 
and suburban development, primarily in the form of conversion of rural agricultural and forested 
lands to mostly residential uses, is the greatest source of landscape and forest fragmentation 
(Munroe et al. 2005).  
In order to combat these problems various levels of government are creating policies 
related to environmental management and land-use planning. The government dominantly plays 
the largest role in open space and land-use planning. However, policy fragmentation occurs 
particularly between state and local agencies. State wide land-use planning is seen as the logical 
solution to prevent future land degradation but frequently it does not always protect threatened 
habitats, preserve agricultural land, or act in the best interest of local communities (Merenlender 
et al. 2004). Local governments may combat landscape fragmentation by controlling the type and 
location of land uses through planning and zoning regulations, yet there is inconsistent zoning 
across jurisdictions that further contribute to fragmentation (Munroe et al. 2005).  
Rural areas often face the dilemma between the demand to preserve local amenities and 
the demand for development in order to assure economic growth (Broussard et al. 2008). In 
many areas this results in decreasing agricultural lands and increased forest fragmentation. 
Choices must be made in determining the tradeoffs between ideal land-use policy, 
socioeconomic and political contingencies, and economic development. Often, one has to come 
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at the expense of the other causing implementation gaps to arise between different levels of the 
government (Munroe et al. 2005). A lack of coordination and communication between local, 
regional, and state governments can lead to ineffective policies and actions. Land-use policies 
should therefore not simply be immediate single-use choices since it creates the cumulative 
effects problem, whereby each single land-use change results in a negligible impact but the 
accumulation of the individual changes over time may constitute a major impact (Theobald et al. 
2000). Instead, effective land-use planning must be the result of long-term planning efforts. 
One important resource necessary in the planning and policy process is open space. 
Simply put, open space is broadly defined as land that is not intensely developed. It contains 
numerous economic, social and environmental benefits. Since open space can help reduce or 
manage urban sprawl while providing public resources, governmental agencies are increasingly 
implementing open space plans to help maintain, protect or conserve these areas. Land-use 
policy to conserve open space attempts to address the competition between urban, agriculture, 
and conservation land uses in the face of growing urban populations (Warren et al. 2011). It is a 
complex problem insofar as the relationship between policy and conservation strategies and the 
associated outcomes are influenced by many socioeconomic factors. There is currently a lack of 
connection between well-intentioned policies and their implementation, which results in 
shortcomings (Warren et al. 2011). Open-space planning is directly linked to land-use policy; 
therefore, a better knowledge of how open space, land-use policies, and how policy instruments 
are used in implementation are required (Munroe et al. 2005).  
Effective planning and policy implementation must also be tied together with the physical 
characteristics of the landscape. In order to mitigate some of the effects of land-cover change, it 
is necessary to provide quantitative evidence showing where land cover is changing and how it is 
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changing. Remote sensing and earth observation techniques provide the means to analyze and 
monitor these changes. This technology can aid policy-makers in creating, implementing, and 
evaluating environmental policies at various scales (Kalluri et al. 2003). In order for this to 
occur, there needs to be stronger communication between remote sensing scientists and policy 
officials. There is currently a lack of integration between geographic technologies and the 
complete policy process. As society continues to expand and the technology is constantly 
evolving, it is important to find a way to connect the physical quantitative features of the land 
with the environmental policies that help shape these characteristics. 
 
Research Objectives: 
This study will focus on the role of open space conservation and how planning and policy 
are focused to preserve these resources. In order to analyze these interactions between local, 
county, and state governments, this project focuses exclusively on Tompkins County, New York. 
The county, located in Central New York, has a mix of rural and urban uses, with agriculture and 
forestry as the dominant resources; however, these resources are under increased urbanization 
pressure from the major metropolitan city in the county, Ithaca. 
The purpose of this study is to examine how land cover and land use is changing over 
time in Tompkins County with respect to environmental policies put in place at various 
governmental levels. Each of the nine town municipalities in the county has developed its own 
comprehensive plan within the last fifteen years. Furthermore, at the county level, agricultural, 
land stewardship and natural resource conservation plans have been drawn up in addition to a 
county-wide comprehensive plan. Protection of open space and aid for sustainable development 
extends upward through the state level with the New York State Open Space Conservation Plans. 
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The New York State Open Space Conservation Plan was first published in 1992, while aerial 
photographs of the county are available for 1991. These data provide the time-frame for the 
study.  
Using GIS, remote sensing, and textual analysis, this study explores the relationship 
between conservation plans and land cover and land use to determine whether changes in the 
landscape can be attributed to policies enacted at various governmental levels. Examining the 
structure of conservation policies and the framework between state and local governments in 
relation to changes in the landscape creates the foundation to help establish effective 
management for land-use practices and environmental conservation. Previous studies have 
analyzed land-cover change and vertical governmental structure independently, but there has 
been a lack of studies that combine the two areas to assess the implementation and effectiveness 
of their desired goals. Therefore, using both quantitative and qualitative methods, this research 
aims to answer the following questions: 
 
1. How have conservation plans in New York State and Tompkins County changed since 
1992? 
2. How do conservation plans vary between levels of government? 
3. How has land cover changed since 1991 in Tompkins County, New York? 
4. Is there a relationship between land-use and land-cover change (LULCC) and 
development of conservation and comprehensive plans? 
 
These questions will focus the analysis and discussion on whether conservation plans 
assist in preserving open space at the local level by preventing or slowing the loss of these 
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resources. In addition, this study will begin to address the relationship between municipal, 
county, and state governments for environmental and conservation planning and why some areas 
may be more willing to conserve and protect natural areas compared to others. To answer these 
questions, land-cover change will be analyzed using Geographical Information Systems (GIS) 
while differences in conservation plans will be analyzed using the textual-analysis software 
Leximancer. Jointly interpreting the changes in the physical landscape with changes and 
differences in conservation plans will allow me to investigate the role of environmental planning 
over time and assess whether these plans are achieving the goals of open space protection. 
The following chapter provides background on conserving open space and how 
conservation plans assist in the planning process; the role of GIS and remote sensing in mapping 
land-cover and land-use change; and the vertical structure of government in environmental 
policy. Chapter three discusses the data and methods used to analyze changes in both the 
landscape and the documents. Chapter four contains the results from these analyses and is 
divided into two main sections based on the GIS and Leximancer analyses. A discussion of the 
results and how land-cover change is connected to environmental policy is presented in chapter 
five. Finally chapter six concludes the paper with a brief summary of the main points and 
includes recommendations for future conservation plans and government relationships. 
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Chapter 2: Literature Review 
 
Open space can be defined in various ways depending on the main concept. Such 
differences occur whether the area seeks to slow urban growth or if its main priority is to 
preserve the natural environment. Bradley (1975) claimed that the definition of open space 
changed from a geographical concept to a functional definition of the public goods and services 
provided by natural areas and worth towards public policy and planning. Bengston et al. (2004) 
define open space in broad terms to refer to natural resource lands, environmental resources, and 
a variety of other socially valued landscapes. On the other hand, Maruani and Amit-Cohen 
(2007) use the term open space to refer to the natural environment composed of abiotic and 
biotic elements and other areas generally characterized by a low level of intervention that does 
not change the intrinsic naturalness of the area and allows continuous functioning of the 
ecosystems and survival of nature and landscape values. The definition of open space varies 
based on the ecological resources humans will derive from the environment. Differences in 
defining open space can show whether the area is focused on providing natural space for humans 
or trying to preserve the native landscape. In order to maintain clarity and consistency, for this 
project open space will be defined using the terms laid out in the most recent New York State 
Open Space Conservation Plan: 
Open space is defined as land which is not intensively developed for residential, 
commercial, industrial or institutional use. Open space can be publicly or 
privately owned. It includes agricultural and forest land, undeveloped coastal and 
estuarine lands, undeveloped scenic lands, public parks and preserves. It also 
includes water bodies such as lakes and bays. What land is defined as open space 
depends in part on its surroundings. A vacant lot or a small marsh can be open 
space in a big city. A narrow corridor or pathway for walking or bicycling is open 
space even though it is surrounded by developed areas. And while not strictly 
open space, this Plan also discusses cultural and historic resources which, along 
with open space, are part of the heritage of New York State. (NYS DEC 2009) 
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Open space planning is directly linked to land-use policy; therefore, knowledge of how 
open space, land-use policies, and policy instruments are used in implementation is required 
(Munroe et al. 2005). There is currently a lack of connection between well-intentioned policies 
and their implementation that result in shortcomings especially in environmental conservation 
(Warren et al. 2011). This chapter is broken down into three broad sections. The first focuses on 
the topic of open space conservation. This entails understanding why open space should be 
conserved, how certain plans address open space, and how plans differ depending upon 
objective. This section also discusses how governance plays a role in open space planning and 
the policy instruments that are used. The second section focuses on understanding how land-
cover change is monitored and evaluated specifically using GIS and remote sensing techniques. 
This also includes a discussion on how GIS and remote sensing can be incorporated into the 
planning process and the limitations associated with such technologies.  
 
2.1 Conserving Open Space  
Sprawl of human habitat in rural areas has been identified as America’s leading land use 
problem (Broussard et al. 2008). Agricultural landscapes are becoming characterized by 
intermixed agriculture and low-density residential development (Armstrong and Stedman 2012). 
This results in conversion of farmland, open space, and natural resources into a residential 
landscape. Although a negative connotation may be associated with open space because people 
view it as the absence of something. Despite this, communities often understand the importance 
of open space and the need to plan and protect these areas (Bradley 1975). 
Open space has economic, societal, and environmental benefits for the community and 
region; therefore planning for open space conservation is a necessary component (Kovacs and 
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Larson 2007, McConnell and Walls 2005). One of the major economic benefits includes 
increasing the state’s (or region’s or locality’s) tourism and travel industry. In New York, State 
Parks and Historic Sites generate almost $500 million in sales to local area businesses from out-
of-state visitors (NYS DEC 2006). Agricultural lands and raw materials such as timber and 
fishing areas also generate millions of dollars for the economy (McConnell and Walls 2005). In 
addition to generating tourism revenue, retaining open space can be the most cost effective 
approach to environmental protection. Numerous other economic benefits affect people at both 
the state and local levels since landowners often get tax reductions (NYS DEC 2009). The 
Conservation Reserve Program is a national program that has provided environmental benefits 
by subsidizing the conversion of acres of highly erodible agricultural land to conservation 
practices; however, the incentives for these programs are often not sufficient (Parks and Schorr 
1997). There are several adverse economic impacts such as the fact that taxes are not paid on 
some State owned land, and open space could either increase surrounding land costs or limit the 
economic development in an area (NYS DEC 2006, McConnell and Walls 2005). When 
planning for open space, it is therefore important that all economic impacts be taken into 
consideration.  
Societal benefits can range from providing recreation space, which promotes physical 
activity and provides the opportunity for escape and relaxation in nature, to increasing quality of 
life and creating a space for environmental education and enhancing cultural awareness (NYS 
DEC 2006, Kovacs and Larson 2007, Timperio et al. 2007). When adequately designed, green 
spaces can play an important social integrative role, particularly for minorities and handicapped 
people (Germann-Chiari and Seeland 2004). Thompson (2002) found that access to some form of 
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nature is a fundamental human need; therefore, access to open space is important for many 
communities. 
 One of the most important reasons for creating open space plans is to help protect and 
conserve the environment. Environmental benefits from open space can have a direct impact on 
humans or simply provide for the larger ecosystem (Taylor et al. 2007). Farmland, for example, 
offers protection against flooding and vegetation, helps in the treatment of air pollution, and 
converts excess carbon dioxide to oxygen (Frenkel 2004). Open space also helps to retain 
biodiversity, which supports the planet in various ecological manners (Taylor et al. 2007, NYS 
DEC 2009). As urban areas expand, natural vegetation or protected areas adjacent to the sprawl 
may be more susceptible to invasion by non-native species; therefore, creating open space can 
help protect native plant and wildlife species (Robinson et al. 2005). In addition, forests are a 
primary source of clean water, such as the Adirondacks and Catskills in New York, and 
freshwater and tidal wetlands filter and process polluted water (Tang et al. 2005, NYS DEC 
2009). Open space has many benefits, but planning for open space and conservation requires 
answering questions such as which natural values should be protected from development and 
how should they be managed (Maruani and Amit-Cohen 2007). The largest issue when planning 
for open space is to overcome the dilemma between economic development and environmental 
conservation (Verburg et al. 2014). 
Aside from the benefits to nature and society, planning for open space is necessary due to 
the inherent market failure (Maruani and Amit-Cohen 2007). Open space may be considered a 
public good since it is typically non-excludable in use and non-rivalrous in consumption. This 
leads to a “free rider” mentality whereby people feel they can use as much of the good as they 
would like. Since this is inherent in the nature of open spaces, intervention is needed in the 
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market (Maruani and Amit-Cohen 2007). However, government and other stakeholders play a 
large role in the success or failure of achieving the plan’s goals. Especially within private open 
space, traditional land management based on market mechanisms and governmental planning 
have often failed to ensure the preservation of open space. Instead, planners are urged to go 
beyond the traditional paradigm of pro-development and pro-environment philosophies and 
evolve from planning for development towards planning for both preservation and natural 
resource management (Brousssard et al. 2008).  
 
2.1.1 How to Plan for Open Space 
The function of open space can be classified into two major categories: provision of 
recreation and other services to society or conservation of natural values (Maruani and Amit-
Cohen 2007). Knowledge about the importance of open space is necessary to create successful 
planning measures. According to Bradley (1975), there are three kinds of open space, all of 
which must be considered in the planning process: reserved land (parks, nature centers), semi-
reserved land (reservoir watersheds, family estates, golf courses), and non-reserved land (capable 
of sale and development). 
One of the main reasons agencies create open space plans is to combat urban growth 
(Nelson 1999, Broussard et al. 2008). This goal, however, presents two different approaches to 
planning (Maruani and Amit-Cohen 2007). The first approach involves creating a specific open 
space plan. This approach looks at how to conserve or create open space and recognizes that 
open space is a useful measure for reducing urban sprawl. Open space plans can emphasize a 
different value to society. For example, one plan may focus on how open space can relate to 
society and provide response to human demands. On the other hand, open space plans could 
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focus on conversation as a means for protecting existing areas and preserving natural values. 
These two different open space plan models could be considered demand and supply approaches, 
respectively (Maruani and Amit-Cohen 2007). The demand model is more suited for developed 
urban areas, whereas the supply model is more useful in undeveloped areas for growing 
metropolitan regions in which relatively broad areas of natural land still exist (Maruani and 
Amit-Cohen 2007, Broussard et al. 2008). Each model can be further subdivided, but in general 
open space plans focus on how to create or maintain open space and the benefits that can come 
from such. 
The other broad approach is to create a growth management plan that creates ways to 
specifically plan for and reduce urban sprawl. This type of plan has open space built in as a 
planning measure (Robinson et al. 2005). Although this type of model is not specifically 
designed for open space, it does contain many of the same mechanisms and techniques as those 
of open space plans (Taylor et al. 2007). Since development entails the loss of open space, 
development plans and open space plans are intertwined. Comprehensive plans may be more 
productive when combined rather than viewed as separate entities (Parks and Schorr 1997). 
Ahern (1991) stresses that planning should not just rely on open space but rather involve a 
comprehensive and integrated process that includes detailed assessments of cultural, visual, 
historical, economic, and legal factors. However, when growth is seen as beneficial to the 
community and a goal to be achieved, open space often becomes an after-thought in planning, 
which ultimately hurts the overall dynamics of the landscape (Bradley 1975). When open space 
is not properly planned for in the initial stages, it can make local land-use planners more reactive 
rather than protective. Due to the importance of open space for the environment and society, it is 
necessary to stress stewardship before restoration or mitigation (Theobald et al. 2000). There was 
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remarkable growth in the number of state and local smart growth and open space preservation 
plans in the late 1990s and more places continue to shift towards growth management plans 
(Bengston et al. 2004, Frenkel 2004). Nelson (1999) believes that states will create growth 
management plans simply to become competitive in today’s growing market. This indicates a 
surge in anxiety about the impacts of sprawl and the interest of managing growth and conserving 
natural areas.  
 
2.1.2 Governance 
Land-use planning decisions are generally made within a framework that recognizes 
either comprehensive (long-term) planning or development (short-term) review (Theobald et al. 
1997, Van Den Hoek et al., 2014). While long-term planning is necessary for adequate 
conservation, both plans involve a select number of stakeholders. In open space conservation and 
land-use planning in general, specifically at the more local level, there is a traditional “iron 
triangle” (Burby 2003) whereby the three members—local business and development interests, 
local elected and appointed government officials, and neighborhood groups—typically make all 
the decisions while excluding other stakeholders, such as environmental groups or those less 
advantaged. In order to more successfully implement policies, it is necessary to expand beyond 
the traditional dichotomy of pro-development and pro-environment towards a more 
comprehensive participatory approach that includes a larger number of stakeholders (Broussard 
et al. 2008). 
The government dominantly plays the largest role in open space and land-use planning 
(McNeil et al. 2014). In the United States, little land-use planning occurs at the Federal or State 
levels but rather the majority of land-use policy and planning is controlled by local and regional 
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authorities (Taylor et al. 2007). While the federal government plays a minor role in land-use 
policy, due to a long tradition of local authority management, many national policies still have a 
significant indirect impact (Bengston et al 2004). Some federal mandates unintentionally or even 
intentionally promote suburbanization and sprawl, which effects open space conservation. 
However, it is widely recognized that weak governance is a major constraint in planning for 
sustainable development and responsibility for providing open space often falls to private 
citizens (McNeil et al. 2014, Parks and Schorr 1997). Although communication across region 
and scale is necessary when designing policies for sustainable development, the importance of 
the governance dimension is often under-estimated or ignored altogether (Ahern 1991, McNeil et 
al. 2014). Cooperation and partnership between vertical and horizontal levels of the government 
are necessary; however, policies that exist on paper are often implemented only partially, if at all, 
due to governance or institutional factors causing policy fragmentation, particularly between 
state and local agencies (McNeil et al. 2014).  
State-wide land-use planning is seen as the logical solution to prevent future crises but 
frequently it does not always protect threatened habitats, preserve agricultural land, or act in the 
best interest of local communities (Merenlender et al. 2004). Choices must be made in 
determining the trade-offs between ideal land-use policy, socioeconomic and political 
contingencies, and economic development; often, one has to come at the expense of the other.  
This trade-off creates implementation gaps between different levels of the government insofar as 
weak governance tends to reduce the environmental benefits while increasing the economic 
(Munroe et al. 2005, McNeil et al. 2014). Governance failure may be due to weak political will, 
strong resistance, corruption, or lack of financial or other resources but in any given 
circumstance it is hard to distinguish between these factors (McNeil et al. 2014). Some states do 
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a better job of interacting with local governments, for example Massachusetts requires towns to 
have an Open Space and Recreation Plan in order to apply for state funding (Warrant et al. 
2011). Even at the local scale there continues to be policy fragmentation. Local governments 
may combat landscape fragmentation by controlling the type and location of land uses through 
planning and zoning regulations, yet there is inconsistent zoning across jurisdictions, which 
further contributes to fragmentation; therefore, top-down drivers used in land-use policy are not 
always effective for land conservation (Munroe et al. 2005, Warrant et al. 2011).  
To involve more stakeholders and non-governmental actors, there must be cooperation 
and communication between the public and planners. Planners, who act on behalf of the 
government agencies, attempt to influence the development process in a manner that 
accommodates and anticipates needs (Nelson 1999). Unfortunately, there is often a disconnect 
between what planners believe and what the community actually desires (Walker and Ryan 
2008). Several town planners have even felt a disconnect between their open space document 
and its realization (Warren et al. 2011). Since the planners are making decisions on behalf of 
their community, it is important for residents to be involved in planning and for planners to 
acknowledge and incorporate the varying views held by a wide array of stakeholders (Broussard 
et al. 2008). Through this we see that agencies often try to take economics and land-use change 
into consideration despite limited expertise or resources to formulate landscape-level models 
necessary for conservation (Newburn et al. 2005). In a study by Broussard et al. (2008), the 
authors found significantly more residents favored growth controls to prevent environmental 
deterioration and to avoid an increase in costs associated with development, whereas planners 
believed strongly that the benefits of development outweigh the costs. Many planners will hold 
public meetings to hear concerns from the public, but these meetings can either become 
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confrontational, allow the public little time to voice concerns, or fail to represent citizens unable 
to attend due to time and travel constraints of citizens, who thus have little impact on the final 
plan (Walker and Ryan 2008). Planners need to enlighten local residents about recent and future 
changes to build support for open space planning. This education and communication between 
the government and public is necessary for adequate open space planning. 
Some advocates for open space conservation say that private landowners must take a 
greater role in the planning process since they still own a large portion of the undeveloped open 
space land (Newburn et al. 2005, Munroe et al. 2005). Involving more stakeholders will allow 
citizens to take ownership in the land, which often makes people more likely to want to protect 
the land (Burby 2003). However, private owners are most commonly involved in either land 
acquisition or conservation easements, and there has been little private participation in open 
space planning and conservation (Merenlender et al. 2004).  Large properties are often locally 
taxed as potentially developed land, providing an incentive to abandon traditional or agricultural 
uses and to develop the land for homes and profit (Bradley 1975). These methods grant 
individual landowners enormous discretion about how to use and profit from their land but the 
government can still constrain a landowner’s options for development, and these constraints are 
almost always applied at the local level (counties and municipalities) even if other incentives are 
coming from the state level (Theobald et al. 2000).  
Traditionally, responsibility for land-use development has been delegated by the states to 
local governments; however, local land-use decisions often have regional or even state-wide 
impacts so creating regional committees can provide a link between the two government levels 
(Ndubisi and Dyer 1992). Ndubisi and Dyer continue to argue that this helps keep the balance of 
power relatively decentralized accommodating more than merely local interests. As implied 
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above, this balance of power often comes down to the decision of whether growth management 
and economic development is more important than conserving for open space. Including a 
regional agency helps protect open space on a larger scale and also coordinate the fragmented 
efforts of state and local entities as well as make sure costs and benefits are more fairly 
distributed (Bengston et al. 2004, Ndubisi and Dyer 1992). Ndubisi and Dyer further describe 
five different regional participation systems in state land use programs that range from strong to 
weak. In the strongest system, Type 1, the regional councils have direct involvement in state 
policy formation and can formulate and implement policies. Whereas in the weakest form, Type 
5, the regional council has no real participation and its function is not acknowledged at the state 
level. Within this spectrum lie three other region types with various degrees of responsibility. In 
essence, the stronger models rely on the region having greater communication with the state 
while the weaker models deal primarily with local governments (Ndubisi and Dyer 1992). It is 
shown that the degree to which regions are responsible vary, but overall the regional committee 
still provides a good mediator between state and local governments.  
 
2.1.3 Policy Instruments in Open Space Planning 
It is important to build the framework of open space conservation, specifically by 
understanding the role of different stakeholders, but it is also necessary to analyze the different 
policy instruments involved and how these can help implement the policies. There is a wide 
range of policy instruments designed to manage urban growth and protect open space from 
development, but often different instruments are used at different scales (Bengston et al. 2004). 
For example, state-level agencies typically conserve open space through land acquisition, 
whereas local-level agencies’ primary instrument is the use of zoning (Geoghegan 2002). Policy 
17 
 
 
instruments are the set of techniques by which governmental authorities wield their power in 
attempting to ensure support for and affect or prevent social change (Bengston et al. 2004). 
Policy instruments can be categorized into three main broad categories: public ownership and 
management, regulation, or incentives, and each of these can then be focused on either managing 
growth or preserving open space (Bengston et al. 2004). McNeil et al. (2014) class the 
instruments based on command and control, economic (taxes and subsidies) and behavioral 
(public information and education). Some instruments that land use policies implement are 
mandatory regulations, such as urban growth boundaries, differential development fees, or down-
zoning, while other policies rely on voluntary market mechanisms, such as conservation 
easements, incentives, or transferable development rights (Geoghegan 2002). For this thesis I am 
primarily focusing on zoning and land acquisition as an incentive strategy since these are the two 
main policy instruments used in open space planning at either the local or state level. 
Since the late 1800s, the central approach to land conservation in the United States has 
been government reservation or acquisition, which remains on the rise today (Merenlender et al. 
2004). This is where different government agencies buy land in hopes that the lands will remain 
undeveloped. Unfortunately, open space acquisition and protection has been ad hoc, local, and 
disorganized (Bradley 1975).  Another method to acquire land is through conservation 
easements. Conservation easement acquisition is largely a voluntary, incentive-based approach 
that relies on continued private ownership and management of land use (Merenlender et al. 
2004). Voluntary contracts, such as conservation easements, compensate landowners for 
restrictions placed on property rights (Newburn et al. 2005). This strategy offers a greater degree 
of permanence in the eyes of the State rather than through environmental regulation or land-use 
zoning. In some studies conventional incentive-based strategies for land conservation, such as 
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purchasing conservation easements, have been found to inadequately address issues of land costs 
and the likelihood of land-use change (Warren et al. 2011). In this case, agencies are not 
considering the full effect of their methods.  
One of the major benefits to incentive-based voluntary conservation strategies is that they 
allow landowners to preserve their autonomy (Merenlender et al. 2004). As noted above, getting 
private landowners involved in the planning process is necessary because they hold most of the 
undeveloped, unprotected open space. Most of the additional build-up of urban areas will come 
at the expense of unprotected open space (Frenkel 2004). Unfortunately, we cannot expect 
conservation easements to protect all of the natural resources associated with private land, so it is 
necessary to involve private landholders in the process (Merenlender et al. 2004). This is where 
other incentive based strategies, such as tax benefits, would be the most effective. In trying to 
acquire land, whether through purchase or easement, agencies must set priorities and define the 
relative weights between benefit types. That is, what is the trade-off between conserving a 
hectare of wetland versus a hectare of montane forest (Newburn et al. 2005)? It is shown that we 
must seek a comprehensive approach to conservation that integrates incentive-based tools with 
zoning in land-use planning.  
Zoning is generally used at the local government level and can reflect a variety of 
political interests and stakeholders. Zoning policies can have greater impacts on landscape and 
forest fragmentation in areas where both the cost of development is lowest and where 
development pressures are highest. This is particularly evident along the fringes of large 
metropolitan areas (Frenkel 2004). Different zoning practices result in significant differences in 
forest fragmentation and urbanization growth (Munroe et al. 2005). One zoning implementation 
is downzoning, whereby residential developments are built in rural areas at low-density to 
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maintain rural character and protect the natural environment while allowing some development 
(Robinson et al. 2005). However, downzoning is not necessarily an effective method for 
preserving rural character or protecting open space. Decreasing development density will help 
minimize habitat impacts; however, if not regulated properly, it can still create a considerable 
degree of landscape fragmentation by forming land islands and obstructing the movement of 
wildlife (Theobald et al. 1997). Local towns use downzoning to reduce the spread of high 
urbanization. Unfortunately this results in wide-spread low-density single-family residential 
developments outside of the urban boundaries, thereby creating a substantial loss of rural areas. 
Each family is required to buy a larger plot of land to keep density low, but the strategy creates 
isolated forests, destroys more open space, and invites larger unintended consequences 
(Robinson et al. 2005). Instead, it is urged that open space plans focus more on cluster zoning. A 
popular zoning tool for governments and planning agencies, cluster development is where 
parcels of land are set up for specific land use. For example, when subdivisions are built, houses 
will be built on certain parts of the land while still reserving open space and maintaining some 
undeveloped lands (Robinson et al. 2005). This helps keep the development centralized to one 
area and minimizes the large extent of destruction associated with downzoning. 
 
2.1.4 Findings in Open Space Research 
Models have been developed for assessing the likely effect of selected policies on land-
use and sustainable development but no matter how good a plan may be the practical outcome 
for people and the environment will depend entirely on the willingness and ability of key actors 
to implement the policies that are recommended (McNeil et al. 2014). Ahern (1991), which 
looked at towns in Massachusetts, found that site and landscape-level planning and design to 
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manage ecosystems at the local level are integrally linked with larger systems. Yet, the all-
important across-scale integration rarely occurs. So although people strive to think globally and 
act locally, there needs to be more communication between various levels of government to 
successfully achieve these goals. 
In a study by Van Den Hoek et al. (2014), policy implementation helped reduce forest 
loss, but it needed input from local communities. Without input and feedback from these 
communities, there are no mechanisms in place to address all of the political, economic, and 
social factors that drive local-level forest change, which propagates to a broader spatial scale. 
Theobald et al. (2000) found that although ecologists have had some success in influencing 
public policy by affecting decisions at the top of political hierarchies, they should instead use 
local, bottom-up approaches if they are to have a meaningful impact on land-use decision 
making. Authority of land-use choices needs to be extended to the lowest possible level of 
government in order to have the most impact. This entails citizens participating in the planning 
process and scientists and planners providing clear rational methods to help bridge the 
implementation gap (Theobald et al. 2000). 
Many studies indicate the importance of understanding the spatial landscape of a 
particular area from the community’s perspective. Cho et al. (2008) found that different forms of 
open space are valued more than others in certain areas, specifically across the urban-rural 
divide. For example, an open park may be valued more to a community than a dense forest. In 
this case it was not so much the quantity of open space but rather the quality and how it 
corresponded to the needs of the citizen (Cho et al. 2008, Timperio et al. 2007). Future policy 
should be a field of applied social policy designed to ensure that the supply of public services 
meets individual demands and expectations (Germann-Chiari and Seeland 2004). Planners now 
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face the challenge of not only providing better access to existing open spaces but also planning 
for access and demand for future open space systems (Thompson 2002). In terms of policy 
instruments, researchers believe that there should be a greater push for policy alternatives. 
Instead of the current command and control and land acquisition approach, new complementary 
policies should focus more on the economic instruments, which in turn would foster a greater 
conservation (Bradley 1975, Verburg et al. 2014). These are being expanded by future-oriented 
planning, changing property laws, and environmental impact assessments. 
There are few longitudinal studies that focus on the measurement of natural features or 
their subsequent ecosystem services in response to conservation planning (Taylor et al. 2007). 
Most evaluate the policies using land values, housing prices and farmland acres. Brody et al. 
(2006) notes that studies evaluate plans as guides for future development as opposed to 
determining how these policies are implemented after the plans are adopted. That is, what policy 
instruments do they actually lay out for use and are their objectives achieved. The study further 
supports that a case-study analysis for a specific jurisdiction would provide a more detailed 
contextual picture since spatial scale varies not only between states but between counties and 
municipalities as well (Brody et al. 2006). Studies have found that having an open space or 
comprehensive plan is beneficial to environmental conservation and sustainable development; 
however, it is important to understand how these plans are implemented, what the goals of the 
plan are, and how to measure if the goals have been achieved.  
 
2.2 Monitoring Land-Use and Land-Cover Change 
Remote sensing earth observations, geographical information systems (GIS), and other 
geospatial technologies can be powerful tools for studying land use, land cover and the 
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subsequent changes which occur over time. Geospatial technologies provide the means to detect 
and monitor these problems at multiple temporal and spatial scales. Data from many of these 
systems show that as much as 50% of the earth’s ice-free land surface has been transformed and 
virtually all land has been affected in some way (Turner et al. 2007). These changes have a large 
impact on the ecosystem and therefore must be monitored and evaluated. Remote sensing is used 
in a variety of applications, but the systematic and innate nature of remote sensing lends itself to 
be particularly useful in environmental monitoring of land-change and has the potential to be 
applied to all stages of the policy process, from problem detection through evaluation and 
enforcement (Miller and Small 2003). In addition, GIS is a growing field in both the academic 
and commercial sector as it is becoming a necessary tool for natural resource managers and 
environmental planners alike (Wright et al. 2009). Many agencies now hire someone specifically 
for GIS and remote sensing purposes to work on problem detection and monitoring (Mayer and 
Lopez 2011). The combination of remote sensing with GIS allows for satellite images to be 
analyzed for greater spatial analysis, thereby providing further statistical support and  allowing 
fuller public access to data and results (Bocco et al. 2001).  
This technology is largely beneficial for environmental planning, management, and 
policy due to its potential not only to objectively verify whether problems exist but also to assess 
their extent and magnitude synoptically across a range of scales (de Leeuw et al. 2010). The 
innate nature of remote sensing to use both temporal and spatial data can provide environmental 
agencies with important information. Using these tools provides analysis at different scales and 
can create cooperation between state and local environmental agencies; even so, there are few 
peer-reviewed articles that discuss the specific role of these technologies for a certain policy. 
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Moreover, few environmental agencies take this technology further in the policy process and use 
it to determine the effectiveness of policies and regulations put in place.  
 
2.2.1 Land-Cover Classification 
Remote sensing and GIS provide ways to make indirect measurements for many of the 
quantities needed to understand the processes that drive land-cover change (Miller and Small 
2003). Information obtained from remote sensing observations typically involves characterizing 
the location, area, and status of the resource, and the change in these properties with time 
(Bergen et al. 2000). Some of the most successful applications of remote sensing to the urban 
environment involve measurement of physical quantities related to environmental conditions 
(Miller and Small 2003). Since the launch of the first civil remote sensing satellite in the 1970s 
these technologies have rapidly become a key data source in the elaboration of policies 
concerning the exploitation of natural resources, and more recently, environmental conservation 
(Rajão 2013). The ability for remote sensing and GIS to compute changes in the landscape at 
different scales is one of the greatest benefits the technology gives to the environmental sector 
(Aplin 2004, Arino et al. 2006). Use of remote sensing provides systematic observation of 
relevant land cover, detection and spatial quantification of change in land cover, and can 
generate baseline data for researchers studying environmental conservation (Rosenqvist et al. 
2003, Donoghue 2002). Using geospatial technology as a quantitative tool for evidence can 
establish a core set of information necessary to ensure consistency across administrative 
boundaries (Lachowski et al. 2000). Integrating remote sensing and GIS into planning and policy 
aspects allows for expansion beyond simply empirical data and helps apply the technology to a 
broader array of problems. The output may be quantitative, but it is necessary to be able to 
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conceptualize the land surface in ways that are meaningful to the environmental planning 
perspective (Prenzel 2004). In this sense it can look at the pattern of land-surface features but 
also the process between features and apply it to environmental problems (Tralli et al. 2005). 
According to Aplin (2004), there are two main areas of land cover research: 
environmental management and environmental understanding. Environmental management 
refers to control and use of land cover distributions to exploit land resources while safeguarding 
environmental concerns. By contrast, environmental understanding entails the scientific analysis 
of processes involved in determining land cover. While different models within geospatial 
technologies can be used for each scenario, both methods rely heavily on land cover 
classification maps (Aplin 2004, Nowak and Greenfield 2012). Different models and principles 
are used within classification depending on the data desired (Tralli et al. 2005). This can include 
the mode of classification, the number of classes, or algorithms to create the classes. Land-cover 
classification maps are used in a variety of environmental applications such as hazard mapping 
(Tralli et al. 2005), urban growth (Miller and Small 2003), hydrologic changes (Tang et al. 2005) 
and deforestation (Rajão 2013). Classification provides a means of compiling inventories of land 
resources and providing knowledge that is valuable for determining land management practices 
(Aplin 2004). Use of remote sensing technology provides scientific, quantitative evidence to help 
agencies plan, manage, and monitor environmental issues.  
After classification the researchers may conduct a change detection or change analysis by 
comparing two or more images to detect the differences in land cover over time (Prenzel 2004). 
Although these processes provide environmental agencies with the tools necessary to identify 
new problems as well as monitor, assess, and verify land cover features collaboration is still 
necessary between the environmental specialists, policy officials, planners, and remote sensing 
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and GIS specialists (Peter 2004, Bergen et al. 2000). Kalluri et al. (2003) found that state, local 
and tribal users want to use thse data primarily to improve monitoring and prediction capabilities 
of the local environment for regulatory compliance.  Technology has great potential to enhance 
environmental policy, but the policy process still lacks significant research, communication, and 
implementation of remote sensing. Although planning for conservation uses scientific data and 
technology, a satisfactory outcome ultimately depends on the expression of human values 
(Theobald et al. 2000). 
 
2.2.2 Geospatial technologies in environmental policies 
Despite the ability to detect changes in the landscape, there are few publicly available 
documented cases describing how remote sensing has influenced policy development (de Leeuw 
et al. 2010). Studies that examine the role of remote sensing in support of environmental policies 
are often not found in peer-reviewed literature but in reports generated by national and state-level 
regulatory agencies (de Leeuw et al. 2010, Mayer and Lopez 2011). Ahern (1991) recognizes 
that GIS should be used in planning for development in order to optimize the spatial 
configuration for the landscape. Reviews of environmental applications of remote sensing are 
dominantly structured according to products, techniques, or benefits to a specific area rather than 
how they relate to policy support (de Leeuw et al. 2010).  
Recently there has been a push to include remote sensing in the implementation stage of 
the policy cycle. One implementation plan that incorporated these techniques focused on the 
detection of the ozone hole above Antarctica (Farman et al. 1985). Preliminary remote sensing 
techniques displayed depletion in the ozone layer, which prompted NASA to develop a sensor 
specifically to monitor the state of the ozone (Stolarski et al. 1986). The sensor was able to 
26 
 
 
further monitor the depletion over time and progression of the hole. Having this evidence raised 
awareness for the detrimental effect of chlorofluorocarbons, which then stimulated policy efforts 
such as the Montreal Protocol (Velders et al. 2007). In this case, remote sensing was used to 
detect a problem, and officials were then able to respond based on the evidence.  
Despite the use of remote sensing in the implementation stage, little has been done to use 
these technologies in the evaluation or enforcement stages of the policy cycle. Few studies have 
used remote sensing to support specific environmental policies, regulatory actions, or for setting 
and measuring conservation program goals (Mayer and Lopez 2011). The Kyoto Protocol, a 
notable exception, uses remote sensing data within the report and uses it for all stages within the 
policy cycle (Arino et al. 2006, Rosenqvist et al. 2003). Further, the Reducing Emissions from 
Deforestation and Degradation (REDD) program under the Kyoto Protocol has explicitly 
incorporated discussions on the strengths and limitations of remote sensing data to help with 
policy monitoring and compliance, making it one of the most advanced examples of the 
systematic use of remote sensing in all phases of the policy cycle (Mayer and Lopez 2011). This 
system exemplifies the effective use of remote sensing within the implementation stage as well 
as the evaluation and regulation stages of the cycle. Remote sensing and GIS provide a better 
understanding of the scientific background of the problems faced and can help in the decision-
making for putting environmental plans in place (Arino et al. 2006). The goal is then for policy 
experts to take this evidence and develop policies, regulations, agreements, or other conservation 
measures. 
Recognition of environmental problems is a frequent occurrence but it is rarely initiated 
by remote sensing and earth observation due in part to the diffuse and complex process of policy 
formation, which makes it difficult to assess the precise contribution of remote sensing (de 
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Leeuw et al. 2010). While remote sensing is a large contributor in the problem formation stage of 
the policy process cycle, there is little continued use of technology through later steps in cycle. 
Policy makers can use remote sensing and GIS to analyze the effectiveness of certain 
environmental policies yet this research is lacking. However, with the increase in agencies 
staffing a position specifically for remote sensing and GIS, the tools are being used more readily 
to aid in their agency’s policy enforcement missions (Mayer and Lopez 2011). As technology 
advances, becomes more available outside of academia, and communication between all 
stakeholders increases, policies are more likely to use remote sensing for implementation and 
enforcement (Mayer and Lopez 2011). Such technology, with increased spatial, spectral, and 
temporal resolution, can be used to monitor and enforce regulations and avoid fraud.  
Many land assessment studies are completed prior to planning but few are done post hoc 
to examine the results of planning on development patterns. Continuous monitoring has been 
successful in the Amazon in Brazil (Rajão 2013). Here, the continual use of remote sensing in 
the evaluation and enforcement stages allows for agencies to monitor where illegal logging is 
still taking place and shut down any operations. Tian et al. (2007) used a time series of remote 
sensing imagery to confirm whether objectives for a cropland management policy were met in 
China. He confirmed that urban growth slowed after government policy aimed to reduce 
expansion of urban areas into agricultural land. Using spatial analytics, Taylor et al. (2007) 
compared several sites within a Michigan county that were developed prior to an open-space 
plan with sites developed after the plan was in place to see if there were changes in development 
patterns. Through the use of GIS, the authors found relatively little difference in site 
development between the study areas and gave suggestions for how the sites could better prepare 
their plans to match their desired goals. Schneider et al. (2005) used remotely sensed data to map 
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changes in the landscape and examine the spatial distribution of urban growth in Western China. 
The study then connected these observed patterns to economic, land, and housing-market 
reforms. The authors found that inland cities often tried to mimic coastal cities but that these 
plans are not adequate for the inland area. Instead, they suggest using the land cover results to 
refocus their urban land-use planning efforts to generate policies more suited to the inland area.  
Policy analysts have begun to recognize the importance of using remote sensing in all 
stages of the policy cycle, but communication between the academic researchers and the 
agencies that create and enforce the policies is still lacking. The use of remote sensing and GIS 
should be used not only for monitoring environmental conditions but also measuring the 
feedbacks between these conditions and human activity and governance (Mayer and Lopez 
2011).  
 
2.2.3 Limitations of Remote Sensing and GIS 
The use of land-cover classification methods from remote sensing and GIS in 
environmental policy implementation and evaluation is lacking due to high costs, the 
inappropriate spatial resolution of the data, limited access to the software, limited knowledge of 
the technology, and lack of policy prioritization to justify the expense in terms of time, resources, 
and staff (Mayer and Lopez 2011, Wing and Bettinger 2003). Most agencies do not have the 
money to obtain images at the spatial scale needed to effectively evaluate the policies 
effectiveness or the money to purchase the necessary software. Much of the environmental 
planning and management in the United States occurs at the local scale, but the availability and 
cost of images at the scale needed are often limited (Bengston et al 2004, Nowak and Greenfield 
2012). In order to effectively use remote sensing in the policy process images must be available 
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at finer scales. The Landsat systems have made data acquisition much more accessible; however, 
at the town level, where much of the urban growth management occurs, this moderate resolution 
is not adequate. While Landsat and SPOT sensors lack the spatial resolution needed to monitor 
urbanization, they do provide the resolution and temporal coverage to provide a 20-year record 
of urban land-cover change (Miller and Small 2003). There is a gap between providers and users 
in which the data are not fully accessible to all users or people do not know they are available or 
how to use them (Kuriyama 2005). Decreasing the cost for agencies will increase the likelihood 
that government and non-governmental agencies will use GIS through various stages in the 
policy cycle. In addition to making remote sensing more cost effective for environmental 
management, the user needs to appreciate the value of the information in terms of accuracy, 
reliability, consistency, and timeliness of delivery (de Leeuw et al. 2010). Kalluri et al. (2003) 
found that even individual farmers were willing to use remote sensing as long as the data were 
cost effective and that they could trust the validity of the data. 
GIS data produces a variety of formats, which may be suitable for researchers, but end 
users in non-research organizations require data in a format that can be readily displayed and 
analyzed using simple software (Kalluri et al. 2003). Local land-use planning rarely incorporates 
the best available data, partly because access to the data is limited, and partly because it is not 
clear how the data can be used in the planning process (Theobald et al. 2000). In addition, even if 
remote sensing is used in some of the later stages of the policy cycle, it still remains difficult to 
attribute such changes seen in the remote sensing data to the actual policy impact. In this case, 
Mayer and Lopez (2011) found no papers that described the actual support of remote sensing to a 
specific policy, in contrast to studies that asserted the ability of remote sensing to support 
environmental policy. 
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In order to successfully implement remote sensing into the policy process there needs to 
be an increased communication between all stakeholders. Scientists could help decrease the 
impact of staffing and data resource shortages by communicating and working more closely with 
policy developers and implementers (Mayer and Lopez 2011). Planners are able to budget for 
remote sensing more easily at the implementation stage whereas most examples in which the 
technology is used for policy evaluation appear to have been developed by interested researchers 
rather by than the actual planners and policy officials (de Leeuw et al. 2010). Again, there needs 
to be strong communication between the researcher and environmental agencies as well as 
increased image and knowledge sharing with all stakeholders, who need to understand what 
needs to be assessed and how to approach the problem (Thackway et al. 2013). Remote sensing 
allows repeated and consistent assessment and monitoring of the environment, something which 
is not taken full advantage of in terms of the literature available. The assessment of the 
effectiveness of a policy forms a crucial part of good governance and remote sensing holds the 
potential to contribute to this governance while filling an information gap (de Leeuw 2010).  
While few papers directly linked an actual policy to remote sensing it is still important to 
note that more organizations and environmental monitoring groups are starting to use remote 
sensing and GIS. This includes governmental organizations as well as other non-governmental 
organizations such as the Nature Conservancy (Baker and Williamson 2006). An increase in 
usage by different groups encourages more people to use the images and can help bridge the gap 
between the government and public in terms of environmental policy. Using remote sensing in 
the policy process can help sway agencies and public opinions as well as aiding in the creation of 
policies. Remote sensing data could be incorporated into large, complex models of 
socioeconomic systems to meet the needs of decision-makers and can be aimed for sustainable 
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development, deforestation and urbanization policy (Mayer and Lopez 2011). Scientists should 
aim to move beyond just using remote sensing as an empirical technique and work to 
communicate and incorporate it into policy planning and decision making (Prenzel 2004). 
Organizations are starting to use remote sensing within the initial stages of the policy process, 
such as indicating a problem and helping to monitor the problem, but there is still a large gap in 
relation to using remote sensing in the evaluation and enforcement stages as well as in applying 
remote sensing for a specific environmental policy.  
Remote sensing and GIS have the potential to make environmental policy more efficient 
and effective when planning for open space; however, as demonstrated, few articles mention 
where and how these tools can be used in the policy process. Although it is often hard to prove 
that changes in the land directly relate to policy implementation, analyzing land-cover change 
can aid in highlighting such a correlation and provide greater scientific support. This gap in the 
academic literature shows a lack of connection between the physical process affecting the 
landscape and the policies put in place to protect many of these environmental problems. In order 
to help slow urbanization and preserve forest and agricultural land, a greater understanding of the 
connection between policy and quantitative data is required. In order to achieve this, there needs 
to be an increased communication between the producers of the data and the environmental 
planners and mangers at every governmental scale that create and implement the policies. 
 
2.3 Summary 
 While existing literature has demonstrated the importance of open-space planning, the 
different strategies to open-space planning, and how geospatial technologies can be used to 
monitor and evaluate change in open space, there remains a void in tying these pieces together. 
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This research attempts to fill that gap by using a case study in Tompkins County, New York to 
understand the relationship between land-use and land-cover change and conservation plans. 
Studies specify that communication across geographic regions is necessary, yet there is little 
research done to quantifiably indicate whether this communication is being reached. 
Past research has tended to focus on the planning stages in policy formation. While it is 
important to create land assessments prior to planning it is also necessary to reexamine the plans 
once evidence has shown whether the goals of the policies are being met. Open space 
conservation research often focuses on a specific geographic location and is not applicable to 
other regions; therefore, it is important to conduct a study on the specific area of interest. Also, 
previous research may study the different approaches to open space planning but few use other 
tools to evaluate how the conservation plans translate to landscape changes. 
Remote sensing and GIS are often used in studies to quantify land-use and land-cover 
change but few studies have taken these technologies to evaluate open space conservation 
policies. There is a gap in the literature connecting spatial analysis with policy evaluation. 
Specifically, there is a lack of research using high resolution imagery to analyze local land-use 
and land-cover change. This research will work to fill in this gap by looking at land-use and 
land-cover change and environmental policies within New York and specifically Tompkins 
County, which has not been previous examined. Finally, this study has the potential to 
understand the relationship and structure of conservation plans at various governmental levels 
and to assess using spatial analysis whether the conservation plans’ goals are being achieved.  
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Chapter 3: Data & Methods 
 
This chapter is broken further into four sections, each of which focuses on a different 
aspect of the data and methods used for analysis in this project. The first section examines the 
study area for the project. The second discusses the data collected for analysis. This includes a 
detailed description of the remote sensing images and GIS data used in the project as well as all 
the environmental documents collected for analysis. The final two sections discuss the specific 
methods used for analysis. The third section focuses on the methods utilized in analyzing all the 
environmental planning documents while the final section focuses on GIS analysis of land-use 
and land-cover (LULC) change. 
As outlined in the first chapter, the goal of this project is to examine how land cover and 
land use is changing over time in Tompkins County, New York with respect to environmental 
policies put in place at various governmental levels. To achieve this goal the following research 
questions have been posed: 
 
1. How have conservation plans in New York State and Tompkins County changed since 
1992? 
2. How do conservation plans vary between levels of government? 
3. How has land cover changed since 1991 in Tompkins County, New York? 
4. Is there a relationship between land-use and land-cover change (LULCC) and 
development of conservation and comprehensive plans? 
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The first two questions will be answered using LeximancerTM (Brisbane, Australia) text 
analytics software to analyze the themes and concepts presented in seventeen documents (Table 
3.1a). These documents include town municipal comprehensive plans, Tompkins County 
Comprehensive Plans, and New York State Open Space Conservation Plans. Each document will 
be run individually through Leximancer to generate results and then groups of documents will be 
run through the software to generate relationships between multiple sources (Tabl3 3.1a). The 
third research question will be addressed using land-cover classification maps created through 
Esri© (Redlands, CA) ArcGIS 10.2 software. Images are available for six different years across 
the time period of this study (Table 3.1b).  
Table 3.1. Data sets, document, and analyses used for this project a) The individual documents 
are listed in the first three columns. The final column lists how the documents were run through 
Leximancer; either as individual documents or as groups of documents. b) GIS data. The first 
column lists the years in which classification maps were made from available corresponding 
orthoimagery (1995-2012) or aerial photography (1991). The 1995, 2007, and 2012 classification 
maps were previously created by Tompkins County Planning Department. The second column 
lists the change maps produced from analysis. 
a) Documents 
 
Towns 
Tompkins 
County 
New York 
State Leximancer Analysis 
 Caroline (2006) 2004 1992 Each Town Individually 
 Danby (2011) 2015 1995 All of the towns collectively 
 Dryden (2005)   1998 Each County Plan Individually 
 Enfield (2001)   2002 Both County Plans 
 Groton (2005)   2006 Each State Plan Individually 
 Ithaca (2014)   2009 All of the State Plans collectively 
 Lansing (2006)     State-County-Towns (all) 
 Newfield (2013)     State-County-Towns (since 2002) 
 Ulysses (2009)       
 
b) GIS 
 Image Data Sets and classification maps Change Maps 
 1991 1991-1995 
 1995 1995-2002 
 2002 2002-2007 
 2007 2007-2012 
 2012  
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Classification maps will be delineated using ArcGIS for each year available and then the 
changes in area will be calculated to understand how the land is changing. Further, four change 
maps will be created to explore where the land is changing spatially. The final research question 
will be answered by attempting to combine the Leximancer results with the GIS data to address 
if there is a relationship between the documents and LULC change. 
 
3.1 Study Area 
This study focuses on Tompkins County, New York located in the west central part of 
New York State, southwest of Syracuse and northwest of Binghamton. It is regionally situated 
within Central New York and the Finger Lakes region (Figure 3.1). It lies largely to the south of 
Cayuga Lake with part of the county extending northward along the lakeshore. In 1990 the 
county had a population of 94,241 and has since increased at a slow constant rate to 101,564 in 
2010 (U.S. Census Bureau). Tompkins County comprises the entire Ithaca metropolitan area 
with a population of 30,331, nine municipal towns, and six villages (Figure 3.1).  
The county is a mixture of rural, suburban, and urban landscapes with agriculture and 
forestry as the top resources. Smith et al. (1993) conducted a two-hundred year analysis of forest 
cover changes for Tompkins County. They found forest cover dropped from almost 100% in 
1790 to 19% by 1900, then increased to 28% by 1938 and over 50% in 1980. This increase in 
forest cover since 1900 is due to abandoned agricultural lands. Today, similar to many areas 
traditionally heavily reliant on agriculture, Tompkins County, New York is increasing residential 
areas at the expense of cropland. Over the past 30 years, the county has lost at least 20 percent of 
its farmland to both development and abandonment (Tompkins County 2004). The county has 
seen a decrease in city housing as more developments grow in the rural and agricultural areas. 
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Figure 3.1. Map of study area. The towns of Tompkins County 
 
The State Parks Green Belt-Tompkins County is an area considered of high conservation 
priority by the State of New York (Figure 3.2). This is a greenbelt of four state parks connected 
by the Black Diamond Trail Corridor. The area is experiencing impacts from encroaching high-
density development (NYSDEC 2009). As the population continues to grow there is increasing 
pressure on the surrounding natural resources and state parks. Located along the Finger Lakes, 
Tompkins County is of great importance in efforts to preserve water quality, maintain natural 
landscapes, preserve prime agricultural land, and slow urban development (Figure 3.2). 
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Figure 3.2. Areas of high conservation priority for Tompkins County. The State Parks Greenbelt 
is a designation from the state, whereas the Natural Feature Focus Areas and Agricultural 
District areas are regions set by the county as areas of importance in planning efforts. Data 
contained in map originally produced by Tompkins County Planning Department. 
 
This project does not analyze the six villages in the county. This is due to time and scale 
restraints. The six villages are primarily urban centers and do not contain the range of landscape 
classes desired for this project as compared to the larger towns. Further, the villages are 
dominantly located in the central or northern portion of Tompkins County, which limits the 
spatial variation compared to the towns. While the villages may not fall under the same planning 
jurisdiction as the towns, the LULC and acreage of the villages are included in the municipal 
analysis. 
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A summary of town statistics is presented in Table 3.2. The Town of Caroline has the 
smallest population in Tompkins County, with 3,282 people, while the Town of Ithaca is the 
largest at 19,930 (US Census 2010). Although a portion of Ithaca’s population are college 
students. The Town of Lansing has both the highest median household income (~$69,000) and 
the lowest percentage of people living in poverty (6.3%). On the other side of the spectrum, 
Groton has the lowest median household income with only ~$48,000 and the Town of Ithaca has 
the highest levels of poverty at 16.5%. In terms of land size, Ithaca is the smallest town in while 
Dryden is the largest by area. 
Table 3.2. Summary of town municipal information and demographics. Statistical data curtesy 
of the US Census Bureau (2010) 
 
*This plan was originally drafted in 2003 but amended in 2011 
**These plans may represent General Plans or Master Plans for the town and have a slightly 
different focus than the current comprehensive plans 
 
3.2 Data 
3.2.1 Documents 
Various documents were analyzed to understand how open space or comprehensive 
planning has changed over the years and how these plans might affect the natural landscape. 
These documents span the local, county, and state level. In total 17 documents were analyzed 
(Table 3.1); six New York State Open Space Plans, two Tompkins County plans, and nine 
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municipal plans. An overview of how the documents, and various governments, interact is 
displayed in Figure 3.3. 
 
Figure 3.3. General relationship between different levels of the government. 
 
 
New York State 
Regional Committees 
Tompkins County 
Municipalities 
(Towns) 
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priority 
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Provide 
funding, enact 
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encourage 
conservation 
strategies 
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3.2.1.1 New York State Open Space Plans 
The New York State Department of Environmental Conservation (DEC) and the Office 
of Parks, Recreation, and Historic Preservation (OPRHP) has produced an Open Space 
Conservation Plan (referred simply to as the Plan) starting in 1992, with each subsequent report 
coming out every three to four years for a current total of six reports: 1992, 1995, 1998, 2002, 
2006, and 2009, the most current plan. The 2014 plan is currently still in a draft phase but is 
scheduled to be published shortly. The New York Open Space Plan foundation began in 1990 
with the signing of an act by State Legislature.  
During the 1980s people began to recognize the changing development patterns and 
economic forces that had an effect on the landscape. There was overwhelming support for the 
Environmental Quality Bond Acts in the late 1980s, which sought to provide funds for state 
environmental projects such as additions to park lands, construction of sewage treatment plants, 
and reducing discharge of air pollutants from buildings. However, by 1990 the funds were almost 
completely exhausted. The 1990 Environmental Quality Bond Act was defeated, and according 
to the State, it was evident that the people of New York State expected their government to 
define land and water conservation needs and the means and strategies for meeting those needs 
more clearly to maintain their support for land conservation (NYS DEC 1992). While the bond 
act of 1990 was not approved, the State required that a Land Acquisition Plan be created. Instead 
of simply evaluating the purchase of land by state government, the DEC and OPRHP determined 
that planning efforts should deal more broadly with land conservation. Thus, the open space plan 
was created in 1992, and required to be updated every three years.  
Since the State does not want to take sole responsibility for protecting open space, it 
delegates many of the tasks to regional and local governments. The DEC divides New York into 
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nine regions. Each region has a committee that acts on behalf of the included counties. The 
regional committee generates a report discussing the priorities of the region, suggestions and 
requests for the State, and supplies a list of conservation projects they feel necessary. From the 
regional reports, the State will decide on the state-level priority conservation projects. The final 
priority conservation projects receive money from the Environmental Protection Fund (NYS 
DEC 1995). The State tries to keep the projects geographically spread and to conserve a variety 
of resources.  
In 1992 there were 75 State priority conservation projects, whereas in 2006 there were 
136 projects. In 2009 the Plan lists 135 large project categories, with several subcategories 
within each. Over the years, some projects were completed and considered a success, and 
therefore were taken off the list, while many more projects were added. Moreover, some projects 
such as the greenbelt in Tompkins County were simply revised over the years. To determine the 
final projects the DEC uses an assessment and evaluation process. These steps include 
determining if the parcel is within a priority area, if the project meets certain minimum 
qualifications, and if the area is vulnerable to change or destruction. The assessment also 
evaluates if there are alternative methods to protection (besides land acquisition), calculates a 
resource value, and goes through a qualitative review on impact factors before an executive 
decision will be made. If at any point a project fails one of these assessments, it will not be 
included on the list. The State looks for other solutions, such as voluntary programs or other 
land-use regulations; however, the DEC does not assess how valid or likely these alternative 
methods are to succeed. Just because there is the potential for other means of protection does not 
guarantee it is the best or most effective method. 
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The New York Plans relies heavily on land acquisition and incentive based strategies 
such as tax incentives. While most of the acquisition occurs at the state level, the State expects 
the local county to supply the incentive-based strategies. The State may provide funds to the 
county to create a protection fund or introduce incentives, but there does not appear to be any 
enforcement process to make sure this happens. It is beneficial that the Plans lays out ideas and 
recommendations for incentives, education strategies, and other outreach programs, but there is 
little implementation or regulation at the State level. The Plans not only guides land acquisition 
and project funding by the State but also recommends other conservation strategies. The Plans 
sets goals to protect, provide, and maintain a variety of open space, from recreation spaces to 
natural wildlife landscapes. The Plans also stress the desire for open space to be enjoyed by 
everyone, whether in a city or out in the rural areas. Emphasis is placed on partnership and 
cooperation between different levels of the government, which is necessary for successful 
implementation of open space plans. This is also reflected in the weight placed upon stewardship 
and addressing the role of privately owned open space. There have been separate sections on 
land stewardship for public and private lands as well as suggestions for other methods of 
protection to occur at the local government.  
Plans for all years except 2009 involve a very similar structure whereby most revisions 
involve rephrasing, small additions, or simply updates on projects. This includes changes in the 
definition of open space, goals and guiding principles. For example, ‘undeveloped scenic lands’ 
was added to the open space definition in 1998 while ‘undeveloped coastal and estuarine lands’ 
was added in 2006 (NYS DEC 1998, 2006). Additions to the goals focus on air quality and 
endangered species, which were added in 1995 and 2006, respectively, but overall remained 
relatively constant. The same holds true for the guiding principles. Major changes or differences 
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between the first five reports include the priority conservation projects, such as their number, 
nature, and location. Throughout the years more emphasis has started to be placed on water 
systems and preservation of not only water bodies but also water recreation as well. In the earlier 
years forest and agriculture were the focus of the first policy recommendations compared, to 
clean water resources. 
In 2009 the state completely revised the structure of the Plan as well as presented new 
goals and guiding principles. The main additions were goals to combat climate change (NYS 
DEC 2009). Instead of structuring the report solely around open space, how to preserve it and 
why to preserve it, this report looks more on how to connect society with open space. They have 
entire sections on “Fostering Green, Healthy Communities” and “Connecting New Yorkers with 
Nature and Recreation” (NYS DEC 2009). This most recent plan moves away from solely an 
open space plan to one that is also focused on growth management and how to expand the state 
economically yet sustainably. Despite this shift in framework, the plan still relies on the priority 
conservation projects. 
 
3.2.1.2 Tompkins County Plans 
Some counties and municipalities have taken further steps by creating their own 
comprehensive plan to better support their local needs (Tompkins County Planning Department 
2004, 2015). Tompkins County is an example of such. Not only has it adopted a county-wide 
comprehensive plan, which contains open space planning, but it has published separate 
documents on land stewardship and preserving agricultural land (Tompkins County Planning 
Department 2007, 2010). Although many of these plans work together, for this project only the 
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comprehensive plans will be evaluated in an effort to minimize the variability between different 
governmental levels. 
Tompkins County created their first comprehensive plan in 2004. This plan was based on 
the principle of collaboration between different levels of government and among public and 
private sectors to create a successful community. The Comprehensive Plan laid out visions and 
goals for various sectors including housing, transportation and jobs; the environment; and 
neighborhoods and communities. The County also laid out future scenarios to explore the results 
of these policies. The groundwork for the Comprehensive Plan started in 2001, when the 
Planning Department created the Vital Communities Initiative, a two-year effort to involve the 
community in planning and development. Once a draft of the plan was completed, it was opened 
to the public for discussion and revision before producing the final product.  
Within this plan the County looked to create Natural Features Focus Areas (NFFA) to 
focus conservation and open space efforts. These areas are not regulatory designations but rather 
help to inform local and regional planning decisions. The NFFA were identified based on a 
detailed analysis of key resources and include a variety of areas, including stream corridors and 
wetlands, Natural Heritage Sites, Important Bird Areas, Unique Natural Areas, in-holdings in the 
State forests, key lands adjacent to State parks, scenic areas along the lakeshore, and trail 
corridors (Tompkins County Planning Department 2007). The County also established 
Agricultural Resource Focus Areas, situated within two larger agriculture districts. These 
districts comprise of prime agriculture land that the county hopes to prevent from being heavily 
converted to developed land. The County officials are taking great efforts to preserve and 
maintain their natural landscape; however, they recognize that many of the policies need to come 
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from the municipal level. The County Comprehensive Plan addresses some of the main concerns 
expressed by the community and how to move forward to ensure these resources are preserved. 
Tompkins County updated the comprehensive plan in 2015. While the primary objectives 
for the plan remained the same in the updated plan, along with the mission and vision statement, 
there were changes in the structure of the plan. The 2015 Comprehensive Plan adds climate 
adaptation, emphasizing greenhouse gases and energy, addresses healthy communities, and adds 
principles on fiscal responsibility and sustainability. Further, they updated some of their policy 
statements and actions items to make them more direct and to fit the changing environment. The 
Tompkins County Plan lays together a framework for conservation, development, and 
cooperation between the county and municipalities to achieve the desired objectives. 
 
3.2.1.3 Municipalities Plans 
Each Town within Tompkins County has produced a planning document addressing open 
space, conservation, and development within the municipality (Town of Caroline 2006, Town of 
Danby 2011, Town of Dryden 2005, Town of Enfield 2001, Town of Groton 2005, Town of 
Ithaca 2014, Town of Lansing 2006, Town of Newfield 2013, and Town of Ulysses 2009). 
Characteristics of each municipality are summarized in Table 3.2. The six villages also created 
comprehensive plans but as stated above, these villages are not included in this study. The City 
of Ithaca is currently in the process of finalizing its plan. Since the document is still in the draft 
stage, it has not been included in this analysis; therefore, only nine town municipal documents 
were used for this project. These nine documents are comprehensive plans created by each town 
board or planning department. The plans range in date of creation from 2001 to 2014.  Several 
towns created plans prior to this timeframe, but only the newest plan for each town was used for 
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analysis since there was no consistency between which towns created plans and when they were 
created.  
New York State Town Law, Section 272-a defines a comprehensive plan as: "the 
materials, written and/or graphic, including but not limited to maps, charts, studies, resolutions, 
reports, and other descriptive materials that identify the goals, objectives, principles, guidelines, 
policies, standards, devices and instruments for the immediate and long-range protection, 
enhancement, growth and development of the Town." Generating these plans helps the town 
apply for county, state, and federal funding. All of the municipal documents address economic 
growth, development, agriculture, and natural resources. The towns differ in how to address each 
of these concerns. All of the towns list specific goals and objectives for each area; however, only 
some documents specify methods of implementation or actions to be taken in order to achieve 
the goals. These town plans are put in place to help guide the community to preserve the existing 
structure of the town as well as guide development for the future. The themes specific to each 
town will be discussed in the results.  
The towns of Ulysses and Lansing created separate documents solely addressing 
agricultural issues (Town of Ulysses 2013, Town of Lansing 2013). In terms of planning and 
support this is beneficial to the community; however, for this project these reports were not 
considered. Including these documents would disproportionally increase the emphasis on 
agriculture when comparing the municipalities as a whole; therefore, only the municipals’ 
primary comprehensive plans were included for analysis. That Ulysses and Lansing created these 
as separate documents may indicate that agriculture is of greater importance there in contrast to 
the rest of the county, which will be addressed in the discussion. Both towns still had sections 
within their comprehensive plan on agriculture, so the theme could still arise. The town of Danby 
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generated an Open Space Inventory in 2003. This document was only an inventory specifying 
what open space is available in the town and did not address ways to protect or conserve these 
resources; therefore it was not part of the analysis.  
When making many of the comprehensive plans, the towns consulted with other planning 
documents, both at the town and county level. These included the Tompkins County 
Comprehensive Plan, water quality documents, natural resource inventories, and economic 
growth plans. The resulting comprehensive plan for each town creates policies and objectives to 
satisfy all areas of the community. In any given town within Tompkins County there are 
numerous plans affecting the environment from the municipal, county, and state level. 
 
3.2.2 Images 
Images are necessary to create land-cover classification maps to assess LULC change. 
Although a time series with every year would be preferable, time and image constraints limited 
the number of years available for classification. Thus, land-use and land-cover maps will be 
created only for years in which these images are available. In order to achieve results at the 
municipal scale high-resolution digital orthoimagery and aerial photography were used for land-
use and land-cover mapping. Classification of local scale environments at the town and city level 
to assess land-cover change has proven challenging due to the complexity and heterogeneity of 
urban landscapes and size of objects of interest (Herold et al. 2003, Rashed et al. 2005). Satellites 
with 30m spatial resolutions are unable to distinguish and analyze detailed information such as 
houses, parks, or streets (Hinz and Baumgartner 2003, Small 2003). Since the goal of this project 
is to distinguish between individual objects, high-resolution imagery is more appropriate.  
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3.2.2.1 Orthoimagery 
Digital orthoimagery is vertical aerial imagery that has had all distortions caused by 
ground elevation changes and camera distortion removed to combine the rich information 
content of an aerial photo with the accuracy and spatial registration of a map. Digital 
orthoimagery for Tompkins County was acquired from the New York State GIS Clearinghouse.  
New York provides 1-meter resolution orthoimages from 1994-1999 under the National 
Aerial Photography Program (NAPP). These data sets contain reprocessed digital 
orthophotography based on Digital Ortho Quarter Quads (DOQQ) derived from NAPP. The 
original DOQQs were completed under the federal DOQQ program with state representation by 
NYS DEC. In 2000, New York introduced the Digital Orthoimagery Program (DOP), which is 
an up-to-date, continuous program that produces digital orthoimages of approximately 25% of 
NYS each year. The DOP produces images from 0.15m to 0.61m spatial resolution. Through 
these programs, there are NAPP 1-meter resolution images available for Tompkins County in 
1995 and 0.15m and 0.61m resolution images produced by the DOP in 2002, 2007, and 2012. 
These years roughly correspond to the time difference of each successive Open Space 
Conservation Plan, which will allow for adequate comparison. 
All images use the New York State Plane Coordinate System, referencing the North 
American Datum of 1983. The units are in US Survey Feet. For 2002, 2007, and 2012, the City 
of Ithaca and Town of Ithaca are displayed at 0.5ft spatial resolution. The remainder of the 
county is displayed at 1ft resolution for 2002 and 2ft resolution for 2007 and 2012. All of 
Tompkins County has a 1-meter resolution in 1995. Orthoimages for each year were mosaicked 
together by municipality using Esri© (Redlands, CA) ArcGIS 10.2 software. The mosaicked 
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images were then clipped to the Tompkins County boundary using pre-existing shapefiles 
produced by Tompkins County. 
 
3.2.2.2 Aerial Photographs 
Historic black and white aerial photographs of Tompkins County were obtained for 
1991/1992. These images were available from The Cornell Institute for Resource Information 
Systems (IRIS) Aerial Photograph Collection. The images were taken at a scale of 1:12,000. 
Each image was georeferenced within ArcGIS to existing orthoimagery using the State Plane 
Coordinate System. The resulting root mean square error (RMSE) for the georeferenced photos 
ranged from 5.71 to 36.23. The high error values are attributed to the tilt and distortion from the 
aerial photographs, variations in the topography of the region, and the local-scale resolution. The 
RMSE did not meet the commonly accepted value of one-half the pixel value; however, it is 
difficult to get a RMSE that is half the size of the spatial resolution in high-resolution imagery, 
particularly where there is elevation change greater than 7m within an image (Couloigner et al. 
2002, Shaker et al. 2005). While the error for this project is greater than desired, through a visual 
comparison between the aerial photographs and orthoimages this error was taken into account 
when creating the new LULC classification maps and adjusted accordingly. 
 
3.2.3 Pre-existing GIS Data 
The Tompkins County Planning Department and Information Technology Services GIS 
Division produced county-wide land-use and land-cover classification maps for 1995, 2007, and 
2012 (Tompkins County Planning Department). The need for these data sets was first identified 
by various county departments, local municipal agencies, and other not-for-profit organizations 
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in order to conduct land-use and land-cover change analysis and provide comprehensive 
planning and development suitability analysis. LULC of the area was interpreted and delineated 
using Digital Orthophoto Quarter Quadrangles (DOQQ) for 1995, while high resolution natural 
color digital orthoimagery acquired from the NYS Office of Cyber Security and Critical 
Infrastructure Coordination (CSCIC) were used in 2007 and 2012 along with a number of other 
secondary digital data sources (wetlands, hydrology, tax parcel and planimetric base data). For 
each year, the images were used to digitize shapefiles in Esri’s ArcInfo (1995) and ArcGIS 
(2007, 20012) using the State Plane Coordinate System 1983. The minimum mapping unit is a 
half-acre. 
The classification scheme used by Tompkins County was originally derived from the 
Land Use and Natural Resource (LUNR) Inventory in 1968 which was a state-wide land use and 
land cover mapping project. In this system, both the built landscape and natural cover are 
classified with an emphasis on the built landscape or dominant feature. For example, a ball field 
with a land cover of grass will be classified as recreation since the natural land cover has been 
altered. However, if the natural land cover is the dominant land use it will be classified as such 
even if other activities are occurring. For example, a deciduous forest may be used to harvest 
maple syrup or other recreational uses but it will be mapped as a land cover feature since forest is 
the dominant feature. Tompkins County modified the LUNR classification system developed 
based on the needs of the county (Appendix A). This project will add to this existing data by 
using the same methodology and classification system as Tompkins County to create land use 
and land cover maps for 1990 and 2002. 
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3.3 Document Analysis 
Conducting a document analysis provides a way to determine the relationship between 
different levels of the government. This analysis can show whether the emphasis placed on open 
space and development is consistent across town, local, and state governments. Document 
analysis was completed using LeximancerTM (Brisbane, Australia, 2011) text analytics software. 
This software conducts an automatic analysis of the conceptual content of the data. The 
Leximancer program uses word-association information to elicit emergent concepts from the text 
(Martin & Rice 2007, Smith and Humphreys 2006). While it is still a relatively new program, it 
is increasingly being used in place of traditional hand coding. While it is most dominantly used 
in psychology and health research (Smith and Humphreys 2006), the software has also been used 
to study the influence of Aboriginal writings on public policy (Burrows 2014), “greenwashing” 
in online media (Fernando et al. 2014), and environmental citizenship (Luck and Ginanti 2013). 
Researchers may efficiently gain textual insight and comprehension while mining the text for 
deeper contextual associations (Luck and Ginanti 2013). The Leximancer software analyzes text 
content by identifying thesaurus-derived concepts in documents, extracts and ranks a list of key 
words and phrases from source texts, then applies an algorithm to iteratively build a thesaurus of 
concepts that derive from more than one or two keywords (Thomas 2014). Concepts are indexed 
and weighted, then grouped into themes to map the relationship between concepts (Thomas 
2014, Crofts and Bisman 2010, Smith and Humphreys 2006).  
This is shown through a seven step analytical process that: (1) loads the content file; (2) 
removes stop words with limited semantic meaning (such as ‘and’); (3) automatically extracts 
the concepts from the analyzed content; (4) edits the discovered concepts prior to reprocessing, 
including removing and adding concepts of limited interest, and merging similar concepts; (5) 
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establishes the content block processing and system learning parameters (e.g. number of concept 
(words) integral to each concept theme, number of sentences in the block); (6) automatically 
locates the concepts, identified the conceptual meaning behind the text, and coded the text strings 
within the block; and (7) constructs concept maps and statistics profiles (Lodhia and Martin 
2012). In this sense it applies a quantitative method to conduct qualitative analysis by using 
different algorithms for stages (Tseng et al. 2015). Smith and Humphreys (2006) presents a 
comprehensive description of the statistical processes behind the software and validated it by 
comparing Leximancer results with expert hand coding and other best-practice methods. 
Leximancer was used to analyze the changing themes and concepts over time and 
between government documents. This automated conceptual based software removes most of the 
human bias associated with traditional coding and can produce concept maps to effectively and 
efficiently display themes and concepts presented in the documents. Since there has been little 
use in employing Leximancer for analyzing environmental documents, this project can expand 
the textual analysis literature. 
Each of the seventeen documents was first analyzed separately through Leximancer. The 
outputs (Appendix B) were manually compared. This provides an initial view of the main 
concepts and themes for each document. The initial analysis for each submission generated a raw 
map of concepts to which minor modifications were then made. This included removing some 
items inappropriately identified as concepts (i.e. “re”) and adding file names to the concept map. 
The minimal manual intervention was used to reduce producer bias. Submissions of multiple 
documents were then performed to generate relationships between themes and concepts of one 
document with those of a different document. The same can be done with groups of documents 
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stored in folders. In this case, all of the town documents can be compared as a collective against 
all of the county documents as well as all of the state documents.  
 
3.4 Development of land-use and land-cover datasets 
Many LULC classification maps are created using remote sensing software to classify 
images based on individual pixel values. Different models and principles are used within 
classification depending on the data desired (Tralli et al. 2005). This can include the number of 
classes, the mode of classification (i.e. supervised or unsupervised) or algorithm to create the 
classes (nearest neighbor, maximum likelihood). These methods use computer models and 
require satellite images. However, aerial photographs are not intended to execute pixel-based 
classifications; therefore, areas of change must be delineated by visual comparison. In addition, 
this project followed the same methods used by the Tompkins County when creating their 1995, 
2007, and 2012 shapefiles.  
 
3.4.1 Classification Maps 
This project used only heads-up digitizing in ArcGIS as a means for creating 
classification maps. This processes entails delineating lines and polygons on an image in ArcGIS 
(Esri©) In order to maintain consistency throughout the years the same methods used by 
Tompkins County GIS Department were employed for creating the 1991 and 2002 classification 
maps. Comparable classification systems enable users to analyze changes in land use and land 
cover over time. Using heads-up digitizing as opposed to computer models increases the time 
involved in creating the classification maps but results in greater consistency between years. 
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To verify I was correctly classifying the area, a portion of the 2007 LULC map was 
recreated by creating a new shapefile and digitizing all of the landscape features based solely on 
the 2007 orthoimagery. This was done for an area of high urbanization and for a rural area. 
Recreating the 2007 LULC map verified how the pre-existing data were completed and ensured 
that new maps could be recreated in a similar manner. The polygon boundaries as well as the 
majority of the classifications matched. However, simply using historic imagery makes it hard to 
distinguish specific LULC classes; therefore, in the test run only general categories could be 
completed. When Tompkins County created their datasets, they had greater information based on 
town documents and field-work, which cannot be accessed for this time. It became apparent then 
that this project should simply alter the existing shapefiles and classification system to match 
their information and data. 
The land use and land cover polygon shapefiles for 1991 and 2002 were created by 
altering each subsequent year’s shapefile. For example, the 2007 LULC shapefile was copied 
and then digitally altered to match the 2002 landscape. This was done using the digitizing toolbar 
in ArcGIS.  Altering the existing shapefiles simplified the process as well as helped to verify and 
maintain consistency across years. To create the 1991 and 2002 maps, the images and shapefiles 
from the surrounding years were compared to the current map. For example, to create the 2002 
classification map, the LULC shapefiles and orthoimagery from 1995, 2002, and 2007 were 
stacked on top of each other and compared back and forth. Where the landscape changed 
between the images, the polygon boundaries on the new 2002 shapefile would be edited for these 
changes. Such changes were removal of forested areas, new buildings, expansion of industrial 
areas, or ingrowth of agricultural lands. Each polygon was given a specific class as well as a 
general category class based on the Tompkins County classification system. A full listing of the 
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classification scheme can be found in Appendix A. Some LULC parcel boundaries may not have 
shifted from one year to the next but their classification scheme changed, which was reflected in 
the new shapefile.  
Using simply orthoimagery and aerial photography it is difficult to distinguish between 
certain land use features, such as newly inactive agriculture versus pasture. For 2002, if a 
polygon had the same shape and classification in 1995 as it did in 2007 it was assumed that there 
was no change during the years in between and it would remain constant; unless otherwise 
viewed differently. However, if there was a change from 1995 to 2007 the best judgment was 
made based on comparison to the other years. This procedure resulted in new LULC shapefiles 
for 1991 and 2002.   
Since the 1991 images were not perfectly georeferenced, greater visual identification was 
needed. Although the boundaries may not have lined up perfectly on the images between 1991 
and 1995, using a visual comparison it was apparent if the landscape changed. Where there were 
changes, the new shapefile was edited to reflect the 1991 land cover using the scale of the 1995 
images, which helps correct for a high RMSE.   
 
3.4.2 Change Analysis 
Since it is difficult to distinguish between some of the classes using aerial images alone, 
once maps were created for each year they were generalized based on broad categories to correct 
for some inaccurate classification (Appendix A). Generalization was also necessary since this 
project is looking only at changes in open space, which does not separate different vegetative 
covers. For example, the initial shapefiles had separate classifications for deciduous, coniferous, 
and mixed forest; however, this project is only concerned with overall vegetative cover; 
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therefore, the classes were dissolved into larger classes which focuses on the general LULC. This 
was completed using the Dissolve tool in ArcGIS. The classification maps for every year were 
generalized into the following eleven classes: agriculture; barren or disturbed; commercial; 
inactive agriculture; industrial, transportation, transmission; public, institutional; recreation; 
residential; vegetative cover; water; and wetlands.  
The generalized LULC classification maps for every year were also clipped to each 
municipality. This was completed with the Clip tool in ArcGIS using a shapefile outlining the 
municipal boundaries. Using the calculate geometry function in ArcGIS, the total area in 
hectares for each category was calculated for the entire county as well as for all the 
municipalities. The percent of each class per total land area was determined as well as the 
percent change of each general class. These were calculated to analyze the change in LULC 
between each subsequent classification map. Using the Intersect tool, the classification maps 
were overlaid on one another to quantify how each class was shifting and where the changes 
were occurring. This was completed for the entirety of Tompkins County as well as for each 
municipality. Calculating the percent change in area for each class and intersecting the years will 
determine how and where the landscape is changing. These maps were dissolved to display the 
change in open space. The categories associated with open space, following the definition laid 
out by the NYS DEC in the 2009 Open Space Conservation Plan, are: agriculture, inactive 
agriculture, recreation, vegetative cover, water, and wetlands. These are areas that are not 
intensely developed for residential, commercial, industrial or institutional use. The remaining 
classes were categorized as developed. Change maps displayed where existing open space and 
developed areas occur as well as where there were changes, either gain or loss, of open space. 
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3.5. Integrating the Methods 
To aid in understanding if policies affect the landscape, the amount of open space lost 
will be calculated surrounding the greenbelt designated by New York State as well as the Natural 
Feature Focus Areas (NFFA) which are designated by Tompkins County. These are areas that 
are deemed important resources to be protected. Using the change maps from above, the amount 
of open space will be calculated to assess how much open space has been lost or gained 
overtime. 
One of the priority conservation projects from the New York Open Space Conservation 
Plans was to protect the State Parks Greenbelt in Tompkins County from surrounding 
development. The State wishes to project parcels adjacent to the parks to help preserve the 
natural resources. In order to determine if these goals were being achieved, a half-mile buffer 
was created around the parks and then clipped to each of the change maps. The resulting area of 
open space loss and gain was calculated. This displays how much open space was lost or gained 
surrounding the parks over the years.  
Tompkins County created NFFA in their planning documents to established natural areas 
necessary for preservation. These 14 areas are regulatory designations but rather, were delineated 
to guide planning efforts.  While these areas of protection were established at the county level, 
many of the municipalities have adopted a similar desire to protect these areas. A shapefile of the 
NFFA was clipped to the change maps and the resulting open space area was calculated. Using 
this same process, I will use the Tompkins County Agriculture Districts to assess how well the 
county’s goal of agriculture protection is being translated to the landscape. This includes clipping 
the agricultural districts to the county and calculating the change in open space. This results in 
the ability to assess how open space has changed over the years and whether the county’s goal of 
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natural resource and agriculture protection is being achieved. The towns also mention a desire to 
protect both the natural areas and agricultural lands, but since these designations arise from the 
Tompkins County Planning efforts, only the county-wide change in open space can be 
calculated. Each town has a variety of other areas and factors that would need to be considered, 
but these were unavailable for this project. 
Finally, I will then manually assess whether the themes produced in the documents by 
Leximancer can relate to or affect the changes in the landscape as seen in the LULC change 
maps. This will be done through a discussion and simple visual comparison of the results. 
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Chapter 4: Results 
 
4.1 Document Analysis 
Leximancer results provide a means of quantifying and displaying the conceptual 
structure of the documents in the form of themes and concepts and their relation to each other. 
Each theme is coded with relevant concepts to understand how the theme arose and how it is 
being used within the document. The software produces a visual representation of the results in 
the form of a concept map. Themes are displayed as large circles with the concepts nested within 
as nodes. The size of the circle indicates the prominence of the theme. Lines connect the 
concepts to show how pieces of the document are related. The number of themes can be adjusted 
for visual purposes but the results presented here along with all concept maps have been kept at 
33% of the potential total themes. This percentage allows for the prominent themes to be easily 
displayed along with a few minor ones. It shows complexity while keeping the maps simplified. 
When viewing the concept maps, it is important to understand that they can only show a 
correlation between concepts but cannot be quantifiably measured. That is, if the distance 
between concepts A and B is twice as long as the distance between A and C, it cannot be stated 
that A and C are twice as similar as A and B. What can be reported is simply that A and C are 
more related than A and B.  
Another useful output from Leximancer is the quadrant report. This is a visual chart 
which displays the most relevant concepts for each category. The quadrant report can only be 
generated when comparing multiple documents at once; therefore, each document (or folder) 
represents a single category. The axes for the quadrant report are frequency and strength. 
Frequency represents the conditional probability that the concept is coded in the text. A higher 
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frequency percentage indicates the concept is mentioned more often. Strength is the conditional 
probability that the concept comes from a specific category. A concept with a higher strength 
percentage indicates it is more unique (or strongly associated) with one specific category (i.e. 
folder). Therefore, a concept which lies in quadrant 2 (low frequency, high strength) would 
seldom occur but be unique to a category. Whereas a concept which lies in quadrant 4 (high 
frequency, low strength) would occur frequently but not be strongly associated with one 
category. 
For this analysis, open and space were treated as two separate themes since they were not 
always used collectively as “open space;” however, any time one of the terms came up as a 
theme the other term was often at least present as a related concept. Any term that arises as a 
theme will also be a related concept. For example, the theme of development will also have the 
concept of development associated with it.  
In general, the New York State Plans are strongly focused on environmental conservation 
compared to the Tompkins County and Town Plans, which have a broader focus on development 
and infrastructure. This is in part due to the nature of conservation plans versus comprehensive 
plans. The local plans work towards having more direct action and implementation goals 
compared to the New York State Plans which provide strong suggestions and recommendations 
rather than implementation plans. However, the degree of action taken varies by town. The New 
York State Plans show a wide range of variability between the years in terms of content and 
structure. The towns, although created at different time periods, all have a similar structure and 
content compared to one another. A basic qualitative analysis indicates that the town and county 
plans are more similar to each other than to the state plans. Results from the Leximancer analysis 
are presented below; all outputs are shown in Appendix B. 
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4.1.1 Towns 
Each individual town plan was analyzed to provide an overview of the main concepts and 
themes for each of the documents. A summary of these results by town is presented in Table 4.1. 
A list of the all themes by town is displayed in Table 4.2. When analyzing the individual town 
reports, five of the nine towns had development as the most prominent theme in their 
comprehensive plan while the other four did not have development as a theme at all. Both 
Enfield and Newfield had their town name as the main theme of the plan. Rural emerged as the 
most dominant theme for the town of Caroline. No other town produced rural as a theme in their 
comprehensive plan. Lansing’s most prominent theme was land.  
The most frequent theme within all nine town plans was town, occurring in seven of the 
document analyses. The most common concepts related to this theme dealt with the looking at 
the future and growth as well as the residents and the structures currently in place. Following this 
was Area/s, which was present in five documents. The theme of area related to concepts of both 
open space as well as residential and village areas. Other notable themes presented in the 
documents were community, existing, land, and local; each being represented in four documents. 
When combining the themes of roads, traffic, and transportation, a broad topic of transportation 
infrastructure was present in five documents. Another important result was that the town of 
Ithaca was the only town to generate a theme related to zoning or regulations. 
Despite similarities in themes, there were differences in the relative concepts associated 
with each theme. Under the theme of development, all of the towns looked at the how the 
concept of area was connected with development. At least four towns used development as it 
related to resources, land, and how the land would be used. Only two towns used open space as 
part of development (Groton and Ithaca) or agriculture (Danby and Ulysses). Dryden was the  
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Table 4.1. Most prominent themes derived from each individual town document. Related 
concepts for each theme are in parenthesis.  
Caroline Danby Dryden 
Rural (rural, town, Caroline, 
residents, development) 
Quality (quality, community, 
water, future, life) 
Areas (areas, space, open) 
Businesses (businesses, 
hamlets, housing) 
Plan (plan, goals) 
Development (development, 
areas, land, resources, use, 
agricultural, residential, 
historic, Danby) 
Industrial (industrial, 
commercial, uses, impacts, 
natural, community, 
including) 
Town (town, residents, 
planning, future, rural) 
Danby (Danby) 
Water (water, public) 
Development (development, 
land, areas, future, 
residential, use, existing, 
proposed, plan) 
Public (public, residents, 
facilities, park, town, 
community) 
Town (town, space, growth) 
Area (area, Dryden, village) 
Water (water, population) 
   
Enfield Groton Ithaca 
Enfield (Enfield, community, 
town) 
Objective (objective, public, 
improve, increase, historic, 
programs) 
Areas (areas, land, natural, 
use, county, water) 
Existing (existing) 
Residents (residents) 
Development (development, 
existing, areas, resources, 
future, residential, 
regulations, protect, open, 
space) 
Village (village, town) 
Community (community, 
services, public) 
Residents (residents) 
Land (land, agricultural) 
Development (development, 
areas, use, open, space, 
land, natural, character) 
Town (town, services, 
facilities, infrastructure, 
community, future, 
quality) 
Public (public, existing, 
residents) 
Resources (resources, 
planning, protection) 
Neighborhoods 
(neighborhoods, housing) 
   
Lansing Newfield Ulysses 
Land (land, development, use, 
public, regulations) 
Areas (areas, residential, 
water) 
Town (town, future, traffic, 
plan) 
Community (community, 
growth, Lansing) 
Roads (roads) 
Newfield (Newfield, residents, 
development, businesses, 
economic, local) 
Community (community, 
services, town, public, 
provide, opportunities, 
include, addition) 
Use (use, including, resources, 
quality, areas, town) 
Land (land, Newfield, 
housing, natural, growth) 
Water (water, Tompkins 
County) 
Development (development, 
land, use, character, 
agricultural, residential, 
area, commercial, rural) 
Town (town, residents, 
Ulysses, important) 
Community (community, 
future) 
Natural (natural, resources) 
Plan (plan) 
 
63 
 
 
Table 4.2. All of the themes present in each individual town plan ordered by frequency 
Theme Caroline Danby Dryden Enfield Groton Ithaca Lansing Newfield Ulysses Total 
Town 1 1 1  1 1 1  1 7 
Area/s 1 1 1 1   1   5 
Development  1 1  1 1   1 5 
Community     1  1 1 1 4 
Existing  1  1   1  1 4 
Land 1    1  1 1  4 
Local 1 1   1 1    4 
Town Name  1 1 1    1  4 
(Comprehensive) 
Plan 
1      1 1 1 4 
Energy 1     1  1  3 
Public   1   1   1 3 
Water  1 1     1  3 
Roads  1 1    1   3 
Population  1      1  2 
Residents    1 1     2 
Rural 1  1       2 
System      1 1   2 
Use      1  1  2 
Work      1  1  2 
Acres   1       1 
Agriculture   1       1 
Businesses 1         1 
Character     1     1 
Cost   1       1 
Facilities  1        1 
Farms 1         1 
Gas        1  1 
Goal       1   1 
Hamlet        1  1 
Housing    1      1 
Including    1      1 
Industrial  1        1 
Information    1      1 
Map  1        1 
Natural         1 1 
Neighborhoods      1    1 
Number        1  1 
Objective    1      1 
Opportunities       1   1 
Organizations     1     1 
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Planning 1         1 
Private  1        1 
Process       1   1 
Property   1       1 
Quality 1         1 
Regulations      1    1 
Resources      1    1 
School        1  1 
Social       1   1 
Support        1  1 
Tompkins 
County 
    1     1 
Traffic   1       1 
Transportation      1    1 
Viability     1     1 
Village     1     1 
Zoning      1    1 
 
only town to use the concepts of plan and propose and one of two towns to use future in their 
relation to development, with Groton being the other.   
A comparison was done by inputting all of the town documents into Leximancer to 
understand how the town comprehensive plans relate together as a whole. These results are 
presented in Table 4.3. Development emerges as the dominant theme followed by community, 
town, public, and population. These themes followed closely with those found from the 
individual documents. The concepts associated with development in this comparison are land, 
area, use, future, residential, open, and commercial. The results show that programs, farms, and 
costs emerge as themes when all the town documents are looked at as a collective whereas these 
themes did not arise through individual analysis. The concept map in Figure 4.1, displays 
clusters of town documents. Ulysses, Ithaca, and Danby are situated closer together indicating a 
greater similarity between these plans compared with the other towns. 
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Table 4.3. Emergent themes from a collective analysis of all town documents. Related concepts 
for each theme are in parenthesis. 
All Town Documents 
Development 
(development, land, 
areas, use, future, 
residential, open, 
commercial) 
Community (community, 
residents, services, 
local, quality, housing, 
provide, including, 
businesses) 
Town (town, resources, 
agricultural, plan, 
natural, character, rural, 
planning, important, 
economic) 
Public (public, existing, 
water, growth, facilities) 
 
Population (population) 
Programs (programs) 
Farms (farms) 
Costs (costs) 
Comprehensive Plan (Comprehensive 
Plan) 
 
Figure 4.1. Leximancer concept map showing the themes, concepts, and connections when 
analyzing all nine town comprehensive plans as a collective group. The themes are presented as 
circles with concepts related to each theme nested within the circle. The larger the circle the 
more prominent the theme.  
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4.1.2 Tompkins County 
An analysis of the 2004 and 2015 Tompkins County Comprehensive Plans provides 
insight into how the County’s priorities have changed over time. These results are shown in 
Table 4.4. The 2004 Tompkins County Comprehensive Plan produced the major themes of 
development, community, public, Tompkins County, land, policies, housing, residents, growth, 
water, and commercial. The main concepts associated with the development theme were 
development, rural, quality, future, and provide. While for community the primary concepts 
associated with the theme were community, local, and life. The main themes emerging from the 
2015 Comprehensive Plan were community, development, Tompkins County, residents, 
emissions, public, housing, land, and natural. The concepts associated with the community 
theme included community, energy, local, transportation, and reduce. While Development, use, 
economic, support, and resources were concepts relating to the theme of development.  
Table 4.4. Most prominent themes for each Tompkins County Comprehensive Plan and when 
both plans were analyzed collectively. Related concepts for each theme are in parenthesis. 
2004 2015 Both 
Development (development, 
rural, quality, future, 
provide) 
Community (community, local, 
life) 
Public (public, communities, 
services, existing) 
Tompkins County (Tompkins 
County, natural) 
Land (land, resources, use, 
open) 
Policies (policies) 
Housing (housing, population) 
Residents (residents) 
Growth (growth) 
Water (water) 
Commercial (commercial) 
Percent (percent) 
Agricultural (agricultural) 
Community (community, 
energy, local, 
transportation, reduce) 
Development (development, 
use, economic, support, 
resources) 
Tompkins County (Tompkins 
County, economy) 
Residents (residents, services, 
people) 
Emissions (emissions, gas, 
greenhouse, percent) 
Public (public, important) 
Housing (housing) 
Land (land, quality, water) 
Natural (natural) 
Home (home) 
Ithaca (Ithaca) 
Community (community, 
local, transportation, future) 
Public (public, use, natural, 
provide) 
Economic (economic, 
residents, services, support) 
Development (development, 
quality, rural, communities, 
existing) 
Tompkins County (Tompkins 
County, housing) 
Energy (energy, emissions, 
gas, greenhouse) 
Land (land, resources) 
Percent (percent) 
Water (water) 
Population (population) 
Impacts (impacts) 
Agricultural (agricultural) 
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 The theme of Tompkins County was present in both years; however, in 2004 this theme 
was mainly related to the concept of natural, whereas in 2015 Tompkins County was associated 
with economy. Also differing in concepts between the years was the theme of land. The concepts 
of resources, use, and open were used in 2004 in contrast to the 2015 plan which focused on 
quality and water. The 2015 Comprehensive Plan also had a new theme of emission. This theme, 
and associated concepts, does not appear at all within the results for 2004.  
 
Figure 4.2. Leximancer concept map showing connections, themes, and concepts between the 
2004 and 2015 Tompkins County Comprehensive Plans when analyzed together. 
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When the two plans were run together to see how they relate as a whole, community, 
public, economic, development, Tomkins County, energy, land, percent, water, population, 
impacts, and agriculture emerge as the thematic summary (Table 4.4). In this case, community 
relates to local, transportation, and future. The concepts which emerge related to development 
include quality, rural, communities, and existing. Both of these themes correlate well with the 
individual analyses. Based on the concept map (Figure 4.2), the 2015 Comprehensive Plan 
contributes most to the themes of energy, percent, and impacts whereas the 2004 Comprehensive 
Plan relates most closely with the themes of development, land, population and agriculture. 
 
4.1.3 New York State 
The six New York State Open Space Conservation Plans were run individually through 
Leximancer. A summary of the themes and related concepts are shown in Table 4.5. A full list of 
themes by year is displayed in Table 4.6. Several themes remained relatively constant throughout 
the years. Resources, land, and plan were themes present in all six years with resources being 
the most prominent theme in three of the years (1992, 1995, and 2002). The concepts related to 
the theme of resources, which was present in all six years were natural and cultural. Historic was 
a related concept in all the years except 2009. The state plans also associated resources with 
recreation and protection. Only the 2009 Open Space Plan associated the theme of resources 
with environmental and benefits.  
Notable concepts related to land included management, public, access, and acquisition. 
While four of the plans related land to the public (1992, 1995, 2006, 2009), only three of the 
plans developed the concept of private lands (1995, 1998 and 2006). With the exception of 2002, 
the State Plans developed the concept of land management and land use whereas only three  
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Table 4.5. Most prominent themes for each New York State Open Space Conservation Plan. 
Related concepts for each theme are in parenthesis. 
1992 1995 1998 
Resources (resources, 
protection, natural, areas, 
cultural, recreation, 
historic, important) 
Land (land, public, use, 
management, development) 
Open (open, conservation, 
preservation) 
Provide (provide, access, 
including, water, protect) 
Acquisition (acquisition) 
Plan (plan) 
Local (local, governments) 
Resources (resources, natural, 
protection, historic, 
cultural, recreation) 
Land (land, public, use, 
management, including, 
access, private) 
Open (open, conservation) 
Local (local, development) 
Areas (areas, recreational, 
important) 
Water (water, provide) 
Plan (plan, projects) 
Open (open, space, protection, 
conservation, development) 
Land (land, local, acquisition, 
governments, private, 
programs) 
Resources (resources, natural, 
historic, cultural) 
Lands (lands, use, 
management, including) 
Areas (areas, recreation, 
important, protect) 
Public (public, provide, 
access) 
Plan (plan, OPRHP) 
   
2002 2006 2009 
Resources (resources, natural, 
areas, provide, recreation, 
historic, cultural) 
Space (space, open, 
protection, conservation, 
local, resource, 
development, private) 
Public (public, lands, use, 
management, protect, 
forest, access, water) 
Land (land, acquisition, 
OPRHP, including) 
Property (property) 
Projects (projects) 
Wildlife (wildlife) 
Land (land, public, use, 
acquisition, management, 
including, access, OPRHP, 
private) 
Space (space, open, 
conservation, protection, 
local, development) 
Provide (provide, recreation, 
water, protect, quality) 
Resources (resources, natural, 
areas, important, historic, 
cultural) 
Acres (acres, property) 
Projects (projects) 
Plan (plan) 
Open (open, space, areas, 
conservation, provide, 
protect) 
Resources (resources, natural, 
protection, cultural, 
environmental, benefits) 
Land (land, public, use, 
development, 
management, access) 
Communities (communities, 
urban) 
Water (water, quality) 
Local (local) 
Plan (plan) 
 
plans (1998, 2002 and 2006) more heavily focused on land acquisition. Access to land was an 
important concept present in 1995, 2006, and 2009. Interestingly, the first and last plans (1992 
and 2009) were the only two years to include development as part of the theme on land. The 
1998 Plan also focused on the government in relation to land. 
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Table 4.6. All of the themes present in the state plans ordered by frequency 
Theme 1992 1995 1998 2002 2006 2009 Total 
Resources 1 1 1 1 1 1 6 
Land 1 1 1 1 1 1 6 
Plan 1 1 1 1 1 1 6 
Open 1 1 1   1 4 
Million  1 1 1 1  4 
Local 1 1    1 3 
Water  1 1   1 3 
Projects   1 1 1  3 
Provide 1    1  2 
Acquisition 1 1     2 
Forest 1 1     2 
Species 1    1  2 
Areas  1 1    2 
Public   1 1   2 
Program   1  1  2 
System   1 1   2 
Wildlife   1 1   2 
Acres   1  1  2 
Space    1 1  2 
Need 1      1 
Adirondack 1      1 
Regional 1      1 
OPRHP  1     1 
Tax  1     1 
Property    1   1 
Benefits    1   1 
Funds    1   1 
Wetlands     1  1 
Communities      1 1 
Change      1 1 
Impacts      1 1 
New York      1 1 
Increase      1 1 
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In four of the six plans, open and million developed as themes. Million in this case refers 
to funding and the money being allocated towards projects. While acquisition is a related 
concept for several themes, the term only emerged as a theme itself in the 1992 and 1995. 
Although species emerged as a theme in 1992, it did not appear again until 2006, which 
correlates to the addition of a new goal in the Open Space Plan on protecting endangered species. 
Finally, the Open Space Plan for 2009 developed several new themes, most notably communities, 
change, and impacts. None of the state plans present development as a theme. 
A Leximancer analysis was run to look at the State Open Space Plans as a whole. These 
results are summarized in Table 4.7. When all six plans were used as the input, resources and 
land emerge as the top two themes that correlate with the individual plan results. The concepts 
related with resources also remained consistent between analyses; however, conservation, local, 
and government emerged as new concepts associated with land.  These results indicate that while 
these concepts were not prominent enough to be singled out in any one report, collectively the 
State Plans associated land with several more concepts. The remaining themes in the collective 
analysis were present in at least one of the individual reports with the exception of economic. 
This newly emerged theme was strongly correlated with economic viability for the state. The 
concept map (Figure 4.3) indicates that the 2002 and 2006 plans are very similar. Although the 
rest of the plans are more evenly spaced a stronger connection appears between the early plans 
(1992, 1995, and 1998) compared with the later three plans, which are situated closer together. 
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Table 4.7. Most prominent themes when the New York State Open Space Conservation Plans 
were analyzed as a whole. Related concepts for each theme are in parenthesis 
All New York State Plans 
Resources (resources, public, 
protection, natural, use, 
management, historic, recreational, 
provide, cultural, access) 
Land (land, open, conservation, local, 
governments, acquisition, 
development, including, private, 
programs, environmental) 
Areas (areas, lands New York, water, 
important, protect, wildlife, quality, 
significant) 
Plan (plan, OPRHP) 
Projects (projects) 
Economic (economic) 
Forest (forest) 
Species (species) 
Funds (funds) 
System (system) 
Addition (addition) 
Acres (acres) 
Million (million) 
 
Figure 4.3. Leximancer concept map showing the connections between individual documents, 
themes, and concepts when analyzing the New York State Open Space Comprehensive Plans as 
a collective group. 
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4.1.4 State-County-Town Comparisons 
An analysis was completed to compare the state, county, and town plans. All of the plans 
were input into the analysis but divided into appropriate folders, therefore, Leximancer analyzed 
the collective State Open Space Plans versus Tompkins County versus the Town Plans as a 
single unit. This was to give an understanding of how similar, or different, the levels of 
government are when composing their documents and implementing their priorities. A summary 
of the themes and concepts are given in Table 4.8.  
Table 4.8. Most prominent themes when comparing all of the state, county, and town 
documents. Related concepts for each theme are in parentheses 
All Documents 
Land (land, resources, open, 
space, public, natural, 
protection, lands, including, 
recreational, historic, 
recreation, protect, cultural, 
private, environmental, 
significant) 
Areas (Areas, use, water, 
provide, quality, important, 
access, include, opportunities, 
impacts) 
Local (local, programs, 
planning, needs, plan) 
Development (development, 
community, future, 
economic, existing, 
agricultural, communities) 
Conservation (conservation, 
management, acquisition, 
resource, OPRHP) 
Plan (plan, projects, 
program) 
Wildlife (wildlife, forest) 
Residents (residents) 
Agencies (agencies) 
Transportation 
(transportation) 
Located (located) 
Acre (acre) 
 
 The most prominent themes to emerge from this analysis are land, area, local, 
development, and conservation. The themes and concepts in these results draw from all three 
levels of documents. Themes such as development and local are more prominent in the town and 
county plans whereas conservation and wildlife are from the State Plans. However, when 
viewing the concept map (Figure 4.4) to visualize how the documents, themes, and concepts are 
connected, the County Plans and the Municipal Plans are situated closer together meaning they 
are more closely associated compared with the State Plans. These results are also presented in the 
quadrant report (Figure 4.5). The concepts related to the State Plans indicate that they are unique  
74 
 
 
 
Figure 4.4. Concept map displaying relationships between the New York State Plans, Tompkins 
County Plans, and Town municipal plans.  All of the New York Plans were used for the State 
folder, both county plans were used for the County folder, and all nine town documents are 
grouped in the Municipalities folder. 
 
to the State. The concepts associated with the Municipals and County have a lower percentage in 
strength meaning it is not as unique to that single category and may occur in other categories as 
well. Tompkins County is most associated with energy, housing, community, and development. 
The municipal plans generated concepts on town, residents, future, community, and 
development. The State Plans on the other hand focused more closely on conservation, 
protection, and lands.  
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Figure 4.5. Quadrant analysis of the all the New York State Open Space Conservation plans (6), 
Tompkins County Comprehensive Plans (2), and Municipal Comprehensive Plans (9). Quadrant 
number given in the corners. 
 
 A final analysis was completed again using all three government levels but this time only 
using the three most recent New York State Open Space Plans (2002, 2006, and 2009). Since the 
earliest county or municipal plan used in this project was 2003 it is important to understand if the 
more recent State plans associated more closely with the local plans. These results are shown in  
1 
3 
2 
4 
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Table 4.9. Most prominent themes when comparing the plans of the state from 2002, towns, and 
county. Related concepts for each theme are in parenthesis 
Documents since 2002 
Resources (resources, open, natural, 
protection, conservation, lands, 
protect, recreation, management, 
private, historic, significant, 
environmental) 
Development (development, areas, 
use, water, agricultural, existing, 
include, planning, impacts, plan) 
Local (local, quality, 
including, important, 
economic, opportunities, 
communities) 
Land (land, public, provide, 
recreational, access) 
Acquisition (acquisition, 
resource) 
Town (town, residents, 
services) 
Acres (acres, property) 
Community (community) 
Housing (housing) 
County (county) 
 
Figure 4.6. Quadrant analysis of the most three most recent New York State Open Space 
Conservation plans, two Tompkins County Comprehensive Plans, and nine Municipal 
Comprehensive Plans.  
1 
3 
2 
4 
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Figure 4.7. Concept map displaying relationships between the most recent State plans with the 
municipal and county plans. 
 
Table 4.9. Using the quadrant report (Figure 4.6), the results indicate that the concepts related to 
the most recent State Plans are more interrelated with the county and town plans than when 
running the analysis with all of the State Plans. While the concepts associated with each folder 
remained relatively constant for both analyses, those associated with the State Plans were not as 
unique. This is also seen in the concept map (Figure 4.7), as the three folders are more equally 
spaced. However, it is interesting to note that acquisition appears as a theme in these results 
whereas it was not present when using all of the State Plans.  
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4.2 Land-Use and Land-Cover Change Analysis 
 Land-use and land-cover change analysis was calculated using digitized shapefiles in 
ArcGIS. The area and percent of total area for each generalized category was calculated per year. 
The percent change in area for each class was calculated between the subsequent years to 
quantify how the land is changing. This process was performed for the entire Tompkins County 
as well as by each municipality. Land-use and land-cover change maps were created to give a 
visual and spatial representation of where the land is changing. In addition, this method can 
evaluate how the land is changing between classes i.e. from open space to developed areas. All 
outputs and classification maps are in Appendices C-D. The three main generalized classes that 
will be discussed in these results are vegetative cover, agriculture, and residential. These classes 
are the largest factor when planning for open space or development with a comprehensive plan 
and represent the largest change over time. When discussing the change in open space, the 
categories agriculture, inactive agriculture, recreation, vegetative cover, water, and wetlands are 
considered open space with accordance to the NYS DEC definition of open space as specified in 
Chapter 2.  
 The LULC change results indicate that open space is consistently being lost across the 
county since 1991. This is most often in the conversion of vegetative and agricultural lands to 
residential parcels. Change is typically occurring around existing developed areas, such as 
commercial districts, roads, or previously built residential units. There is a consistent net loss of 
open space throughout the years; however, these areas are not occurring heavily around protected 
areas such as the Natural Feature Focus Areas.  
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4.2.1. County-wide results 
The overall trend for the entire county was a decrease in agricultural lands until 2007 in 
which there was a small increase between 2007 and 2012 (2.24%) (Table 4.10). The greatest loss 
of agricultural land occurred from 1995 to 2002 (10.65% loss). In total, from 1991 to 2012, the 
county lost 13.1% agricultural lands. A considerable loss of agriculture is consistent with the 
findings in the Tompkins County Comprehensive Plan. The vegetative cover remained relatively 
constant throughout the years with the exception from 1995 to 2002 (6.57% increase), during 
which it greatly increased. This created a total increase of 6.6% from 1991 to 2012. The number 
of residential areas increased each year with the greatest increase in residential land occurring 
from 1995 to 2002 (11.18%). The total resulting increase in residential area from 1991 to 2012 
was 25.8%. Commercial and recreation uses, two other classes that may contribute to 
development of an area, also increased for each consecutive change analysis. The increase in 
water is attributed to artificale lakes mostly situated on residential properties. 
 For each year, the majority of land in Tompkins County remained open space; only a 
small percentage of open space was either gained or lost (Table 4.11). Analyzing the entire time 
 
Table 4.10. Percent change of each general classification for Tompkins County. Values given as 
percentages. The rate of change is shown in parentheses.  
Classification 1991-1995 1995-2002 2002-2007 2007-2012 Total 
Agriculture -2.3 (-0.6) -10.7 (-1.5) -2.6 (-0.5) 2.2 (0.4) -13.1 
Barren or Disturbed 22.3 (5.6) -51.1 (-7.3) 33.2 (6.6) 13.8 (2.8) -9.3 
Commercial -0.1 (-0.0) 13.7 (2.0) 9.0 (1.8) 3.3 (0.7) 28.0 
Inactive Agriculture 8.1 (2.0) -28.5 (-4.1) -1.3 (-0.3) -28.7 (-5.7) -45.6 
Industrial, Transportation 1.0 (0.2) 0.5 (0.1) 3.4 (0.7) 5.0 (1.0) 10.1 
Public/Institutional 5.0 (1.2) -3.8 (-0.6) 1.1 (0.2) 2.7 (0.5) 4.8 
Recreation 3.0 (0.7) 6.7 (1.0) 2.2 (0.4) 3.5 (0.7) 16.3 
Residential 3.9 (1.0) 11.2 (1.6) 5.7 (1.1) 3.1 (0.6) 25.8 
Vegetative Cover -0.5 (-0.1) 6.6 (0.9)  -0.0 (0.0) 0.6 (0.1) 6.6 
Water -0.1 (-0.0) 0.5 (0.1) 0.5 (0.1) 0.0 (0.0) 1.0 
Wetlands 0.1 (0.0) 5.5 (0.8) 0.6 (0.1) 2.5 (0.5) 8.9 
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period, Tompkins County had a net open-space loss of 1.9% (Tables 4.12). Each year the 
decrease in open space was greater than the increase. The greatest loss of open space came 
between 1995 and 2002, when 1.1% of the land converted from open space to development 
while there was only a 0.4% gain in open space. Of the 2.4% loss in open space from 1991 to 
2012, 1.1% of that occurred since 2002. This indicates that from 1991 to 2002, 1.3% of open 
space was converted to developed lands. However, from 1991 to 2012 there was a 0.5% gain in 
open space of which 0.2% came since 2002. The majority of open space change can be attributed 
to changing vegetative land cover followed by agriculture.   
Table 4.11. Change in Open Space for Tompkins County, NY. Values are expressed in acres. 
The percentage of total land area is given in the parentheses. The classes under the open space 
total represent the number of acres either lost or gained. For example, from 1991-1995, of the 
1152.1 acres of open space lost, 206.2 of those acres came from conversion of agriculture to 
developed areas. 
 1991-1995 1995-2002 2002-2007 2007-2012 
Open Space 286134.5 
(90.9%) 
282849.2 
(89.9%) 
282277.3 
(89.7%) 
280427.6 
(89.1%) 
Developed 27457.9 (8.7%) 27308.0 (8.7%) 30540.8 (9.7%) 31608.8 (10.0%) 
Increase of Open 
Space  
Total 
Agriculture 
Inactive Agriculture 
Recreation 
Vegetative Cover 
Water 
Wetlands 
 
17.1 (0.01%) 
0.0 
0.0 
0.0 
14.5 
2.5 
0.0 
 
1301.3 (0.4%) 
156.3 
15.7 
30.7 
1067.1 
23.8 
7.7 
 
68.2 (0.02%) 
3.6 
0.0 
3.3 
52.0 
9.2 
0.1 
 
806.3 (0.3%) 
112.1 
23.1 
42.9 
590.9 
23.6 
13.7 
Loss of Open Space  
Total 
Agriculture 
Inactive Agriculture 
Recreation 
Vegetative Cover 
Water 
Wetlands 
 
1152.1 (0.4%) 
206.2 
194.1 
0.0 
712.0 
38.0 
1.8 
 
3300.9 (1.1%) 
884.9 
704.4 
26.9 
1662.2 
1.9 
20.5 
 
1873.2 (0.6%) 
292.6 
257.4 
4.4 
1317.6 
0.4 
0.8 
 
1920.0 (0.6%) 
350.0 
231.8 
4.0 
1298.1 
15.0 
21.1 
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Table 4.12. Change in Open Space in Tompkins County for extended time periods. Values are 
expressed in acres with the percentage of total land area given in parentheses. The classes under 
the open space total represent the number of acres either lost or gained. For example, from 1991-
2012, of the 7482.4 acres of open space lost, 2161.9 of those acres came from conversion of 
agriculture to developed areas. 
 1991-2012 2002-2012 
Open Space 279804.8 (88.9%) 280592.3 (89.1%) 
Developed 26046.4 (8.3%) 29969.1 (9.5%) 
Increase of Open Space  
Total 
Agriculture 
Inactive Agriculture 
Recreation 
Vegetative Cover 
Water 
Wetlands 
 
1428.7 (0.5%) 
194.4 
33.1 
46.3 
1081.6 
52.2 
21.1 
 
640.0 (0.2%) 
99.9 
23.1 
41.9 
432.3 
30.5 
12.4 
Loss of Open Space  
Total 
Agriculture 
Inactive Agriculture 
Recreation 
Vegetative Cover 
Water 
Wetlands 
 
7482.4 (2.4%) 
2161.9 
1260.5 
39.8 
3961.8 
12.8 
45.6 
 
3558.9 (1.1%) 
678.5 
448.0 
8.4 
2386.9 
15.4 
21.7 
 
 
Analyzing the open space change maps indicates where the land is changing. The 1991-
2012 Open Space Change Map is displayed in Figure 4.8. All of the other change maps are 
located in Appendix D. The maps largely display individual parcels that were converted from 
open space to developed areas. These changes also occur along roads or near other previously 
developed areas. The largest losses of open space typically occur around large village centers or 
highly developed areas, such as the City of Ithaca. The gain of open space is much sparser and 
does not reveal a clear pattern.  
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Figure 4.8. Map displaying change in open space from 1991 to 2012. The greatest loss and gain 
in open space was centered near previously developed areas, such as the City and Town of 
Ithaca, and roadways. The majority of the county remained open space from 1991 to 2012. 
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4.2.2. Land-use and land-cover change by town 
 Analyzing the LULC change by town reveals similar trends to the county-wide results 
(Table 4.13). Dryden, Enfield, Groton, Lansing and Ulysses all decreased the amount of 
agricultural lands from 1991-2007 but had a small increase in agriculture from 2007-2012. 
Newfield, had an increased the amount of agriculture from 2007-2012 as well as 2002-2007. 
Caroline, Danby, and Ithaca lost agricultural lands for all four change analyses. The rate of 
vegetative cover change generally either increased or remained constant. All of the towns saw a 
small decrease in vegetation from 1991to 1995 but then increased vegetation for each 
consecutive year with the exception of Caroline, Danby and Ithaca. These three towns saw a 
decrease in vegetative cover from 2002 to 2007. Similar to the county, all municipalities had an 
increase in residential areas for all of the study years. With the exception of Ithaca, all of the 
towns’ highest percent of residential increase occurred from 1995 to 2002; Ithaca saw the 
greatest increase from 2002 to 2007.  
 Assessing the total change from 1991 to 2012, gives a comparison by town (Table 4.14). 
Danby had the greatest percentage of agricultural loss at 28.7% whereas Lansing had the 
smallest loss of agriculture at only 1.4%. Although Lansing had the smallest loss of agriculture, 
the town gained the largest percentage of residential lands (39.8%). The town of Ithaca had the 
smallest increase in total residential areas with only a 13.0% growth. The town of Ulysses saw 
the largest growth in vegetative cover at 13.3% while Caroline had the smallest increase at only 
3.9%. Other notable results include Caroline’s significant increase in commercial lands 
(146.1%). Most of this comes from the change between 1995 and 2002. With an 85.3% increase, 
Newfield saw the greatest growth in recreational lands.  
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Table 4.13. Percent change for each class in the nine municipalities (a-i) 
a) Caroline b) Danby 
 Classification 1991-
1995 
1995-
2002 
2002-
2007 
2007-
2012 
 Classification 1991-
1995 
1995-
2002 
2002-
2007 
2007-
2012 
 Agriculture -1.5 -11.8 -4.0 -5.9  Agriculture -3.5 -19.7 -5.3 -2.9 
 Barren or Disturbed 6.3 -37.3 359.4 -21.7  Barren or Disturbed 103.2 -77.7 9.2 71.7 
 Commercial 4.8 116.8 6.7 1.6  Commercial -16.0 -40.6 5.2 49.3 
 Inactive Agriculture 4.3 -13.6 3.5 -7.9  Inactive Agriculture 4.0 -44.9 3.2 -29.9 
 Industrial/Transportation 0.0 0.9 -6.9 -2.4  Industrial/Transportation 4.2 11.2 2.9 -20.0 
 Public/Institutional 0.0 -4.5 16.5 2.2  Public/Institutional 3.3 -13.5 1.5 -3.2 
 Recreation 0.0 0.0 21.3 -9.2  Recreation 0.0 0.0 0.0 13.9 
 Residential 3.7 7.4 6.7 2.4  Residential 4.3 12.6 9.3 4.2 
 Vegetative Cover -0.1 2.9 -0.4 1.5  Vegetative Cover -0.2 6.4 -0.2 1.4 
 Water 2.6 -7.0 12.0 -21.0  Water 1.4 5.5 2.8 -9.2 
 Wetlands 0.0 12.5 1.1 5.5  Wetlands 0.0 4.3 0.6 2.3 
            
c) Dryden d) Enfield 
 Classification 1991-
1995 
1995-
2002 
2002-
2007 
2007-
2012 
 Classification 1991-
1995 
1995-
2002 
2002-
2007 
2007-
2012 
 Agriculture -2.8 -16.2 -4.2 3.7  Agriculture -3.0 -6.3 -2.3 0.9 
 Barren or Disturbed 20.2 -40.8 -8.3 4.2  Barren or Disturbed 3.8 -57.7 52.5 95.9 
 Commercial 0.3 11.4 2.5 0.7  Commercial 0.0 -7.4 3.3 3.0 
 Inactive Agriculture 9.7 -22.4 -0.6 -26.7  Inactive Agriculture 6.8 -37.6 -0.2 -15.9 
 Industrial/Transportation 2.7 15.8 10.6 9.4  Industrial/Transportation 0.0 -19.0 25.9 12.9 
 Public/Institutional 0.2 9.1 0.0 3.6  Public/Institutional 0.0 -61.9 0.0 19.4 
 Recreation 1.0 31.7 5.8 0.5  Recreation 0.0 13.6 0.0 5.4 
 Residential 3.5 10.8 6.1 4.7  Residential 6.8 16.1 5.6 2.1 
 Vegetative Cover -0.2 6.3 0.3 -0.1  Vegetative Cover -0.1 11.1 0.4 0.7 
 Water -6.1 -2.0 1.1 -1.1  Water 4.8 16.0 3.8 2.7 
 Wetlands 0.4 9.4 1.0 2.0  Wetlands 0.0 -0.3 0.1 -0.2 
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e) Groton f) Ithaca 
 Classification 1991-
1995 
1995-
2002 
2002-
2007 
2007-
2012 
 Classification 1991-
1995 
1995-
2002 
2002-
2007 
2007-
2012 
 Agriculture -2.1 -8.9 -3.3 3.8  Agriculture -0.8 -14.9 -1.9 -5.9 
 Barren or Disturbed 0.0 -69.6 54.8 203.1  Barren or Disturbed 64.0 -79.9 105.2 -30.2 
 Commercial 0.0 -15.0 16.4 0.6  Commercial 0.0 8.6 2.7 -2.7 
 Inactive Agriculture 11.5 -6.9 8.0 -35.7  Inactive Agriculture 0.9 -32.2 12.2 -26.8 
 Industrial/Transportation 0.0 27.0 -8.4 12.2  Industrial/Transportation 0.0 -15.0 6.7 -4.7 
 Public/Institutional 0.0 -0.9 0.0 -6.6  Public/Institutional 3.1 1.2 0.6 4.3 
 Recreation 0.0 5.7 0.0 10.9  Recreation 11.5 6.3 3.7 5.1 
 Residential 4.1 18.1 5.6 3.6  Residential 2.6 3.7 4.2 1.9 
 Vegetative Cover -0.1 8.1 0.8 1.6  Vegetative Cover -2.6 8.7 -2.5 1.6 
 Water 2.5 -5.6 9.2 7.1  Water 0.5 1.5 0.2 1.8 
 Wetlands 0.0 3.6 0.2 0.9  Wetlands 0.0 -1.3 -0.2 25.5 
            
g) Lansing h) Newfield 
 Classification 1991-
1995 
1995-
2002 
2002-
2007 
2007-
2012 
 Classification 1991-
1995 
1995-
2002 
2002-
2007 
2007-
2012 
 Agriculture -2.1 -3.2 -3.2 7.4  Agriculture -3.3 -26.1 4.5 1.4 
 Barren or Disturbed 3.7 -51.8 24.5 38.6  Barren or Disturbed 16.5 -40.4 21.6 57.4 
 Commercial 2.3 23.5 5.6 4.1  Commercial 0.0 29.0 15.1 18.2 
 Inactive Agriculture 13.4 -42.7 -1.2 -47.6  Inactive Agriculture 9.4 -21.7 -22.4 -22.2 
 Industrial/Transportation 0.5 -0.4 1.1 5.8  Industrial/Transportation 1.7 -1.0 3.9 12.3 
 Public/Institutional 44.0 -6.7 1.8 5.9  Public/Institutional 3.1 -0.6 0.9 -7.1 
 Recreation 0.0 5.8 4.8 -4.1  Recreation 0.0 20.4 5.0 46.6 
 Residential 6.0 18.3 7.5 3.8  Residential 4.6 13.4 5.0 1.7 
 Vegetative Cover -2.3 9.1 0.7 -2.8  Vegetative Cover -0.3 5.4 0.0 0.2 
 Water 0.1 0.3 0.1 0.3  Water 4.1 5.4 8.1 -2.0 
 Wetlands 0.0 -3.0 0.1 1.7  Wetlands 0.0 5.3 -0.1 0.0 
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i) Ulysses       
 Classification 1991-
1995 
1995-
2002 
2002-
2007 
2007-
2012 
      
 Agriculture -1.3 -5.4 -0.5 0.5       
 Barren or Disturbed 0.6 -23.1 -0.9 15.1       
 Commercial 0.0 47.4 3.4 5.8       
 Inactive Agriculture 4.2 -25.9 -12.0 -38.7       
 Industrial/Transportation 2.6 -43.8 8.9 27.5       
 Public/Institutional 0.0 -4.1 1.3 3.6       
 Recreation 0.0 2.9 -0.6 2.0       
 Residential 3.2 9.7 5.0 2.7       
 Vegetative Cover -0.3 8.9 0.8 3.5       
 Water 0.1 0.5 0.1 0.2       
 Wetlands 0.3 -0.1 1.3 -1.5       
 
 
Table 4.14. Total percent change of land classes by town from 1991 to 2012. Values expressed as a percent.  
Classification Caroline Danby Dryden Enfield Groton Ithaca Lansing Newfield Ulysses 
Agriculture -21.6 -28.7 -19.2 -10.5 -10.5 -22.0 -1.4 -24.2 -6.6 
Barren or Disturbed 139.7 -15.0 -32.0 31.2 42.6 -52.9 -13.7 32.9 -11.8 
Commercial 146.1 -21.5 15.4 -1.6 -0.4 8.5 38.9 75.4 61.3 
Inactive Agriculture -14.0 -58.5 -38.0 -44.0 -27.8 -43.9 -66.3 -48.3 -58.3 
Industrial/Transportation -8.3 -4.6 44.0 15.2 30.6 -13.5 7.1 17.5 -20.0 
Public/Institutional 13.7 -12.2 13.3 -54.5 -7.4 9.6 45.0 -4.0 0.7 
Recreation 10.1 13.9 41.6 19.7 17.2 29.1 6.3 85.3 4.3 
Residential 21.7 33.7 27.4 33.7 34.5 13.0 39.8 26.8 21.9 
Vegetative Cover 3.9 7.4 6.3 12.2 10.7 4.9 4.4 5.3 13.3 
Water -15.6 -0.1 -8.0 29.6 13.2 4.0 0.8 16.2 0.9 
Wetlands 20.0 7.3 13.1 -0.5 4.7 23.7 -1.3 5.2 0.0 
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Table 4.15. Change in open space by town. Values expressed in acres. Numbers in parenthesis represent the percent of total land 
Caroline 1991-1995 1995-2002 2002-2007 2007-2012 1991-2012 2002-2012 
Open Space 33692.7 (95.6%) 33452.9 (94.9%) 33362.1 (94.7%) 33240.1 (94.3%) 33201.5 (94.2%) 33313.7 (94.5%) 
Developed 1498.9 (4.3%) 1414.0 (4.0%) 1645.5 (4.7%) 1744.8 (5.0%) 1333.0 (3.78%) 1600.1 (4.5%) 
Increase of Open Space  0.8 (<0.1%) 136.6 (0.4%) 8.9 (<0.1%) 128.0 (0.4%) 166.7 (0.5%) 54.3 (0.2%) 
Loss of Open Space 51.6 (0.2%) 240.5 (0.7%) 227.4 (0.6%) 131.0 (0.4%) 542.8 (1.5%) 275.7 (0.8%) 
 
Danby 1991-1995 1995-2002 2002-2007 2007-2012 1991-2012 2002-2012 
Open Space 32707.9 (94.8%) 32483.2 (94.1%) 32456.5 (94.1%) 32316.8 (93.6%) 32238.3 (93.4%) 32324.2 (93.7%) 
Developed 1680.3 (4.9%) 1653.7 (4.8%) 1888.8 (5.5%) 1995.4 (5.8%) 1556.9 (4.5%) 1840.8 (5.3%) 
Increase of Open Space 12.4 (<0.1%) 137.2 (0.4%) 1.9 (<0.1%) 57.4 (0.2%) 135.8 (0.4%) 50.0 (0.1%) 
Loss of Open Space  110.6 (0.3%) 237.0 (0.7%) 164.0 (0.5%) 141.6 (0.4%) 580.1 (1.7%) 296.2 (0.9%) 
 
Dryden 1991-1995 1995-2002 2002-2007 2007-2012 1991-2012 2002-2012 
Open Space 55117.5 (91.3%) 54449.7 (90.2%) 54312.6 (90.0%) 53930.5 (89.3%) 53834.7 (89.2%) 53934.2 (89.3%) 
Developed 5061.9 (8.4%) 5039.5 (8.4%) 5675.3 (9.4%) 5904.8 (9.8%) 4841.4 (8.0%) 5586.4 (9.3%) 
Increase of Open Space  0.0 (0.0%) 216.9 (0.4%) 32.1 (0.1%) 124.6 (0.2%) 220.4 (0.4%) 121.0 (0.2%) 
Loss of Open Space  194.5 (0.3%) 667.9 (1.1%) 354.0 (0.6%) 414.2 (0.7%) 1477.5 (2.5%) 732.5 (1.2%) 
 
Enfield 1991-1995 1995-2002 2002-2007 2007-2012 1991-2012 2002-2012 
Open Space 21834.7 (92.4%) 21576.5 (31.4%) 21536.2 (91.2%) 21392.3 (90.6%) 21353.5 (90.4%) 21400.4 (90.6%) 
Developed 1683.8 (7.1%) 1700.0 (7.2%) 1957.8 (8.3%) 2015.8 (8.5%) 1577.6 (6.7%) 1898.9 (8.0%) 
Increase of Open Space 0.9 (<0.1%) 86.2 (0.4%) 0.1 (<0.1%) 68.3 (0.3%) 107.1 (0.5%) 59.0 (0.3%) 
Loss of Open Space 102.2 (0.4%) 257.9 (1.1%) 126.5 (0.5%) 145.2 (0.6%) 583.4 (2.5%) 262.3 (1.1%) 
 
Groton 1991-1995 1995-2002 2002-2007 2007-2012 1991-2012 2002-2012 
Open Space 29700.9 (93.9%) 29343.6 (92.7%) 29282.1 (92.5%) 29123.6 (92.0%) 29095.0 (92.0%) 29132.3 (92.1%) 
Developed 1878.0 (5.9%) 1879.4 (5.9%) 2227.2 (7.0%) 2289.9 (7.2%) 1786.1 (5.6%) 2182.0 (6.9%) 
Increase of Open Space  0.0 (<0.1%) 64.4 (0.2%) 9.4 (<0.1%) 63.4 (0.2%) 92.0 (0.3%) 54.7 (0.2%) 
Loss of Open Space  65.7 (0.2%) 357.2 (1.1%) 126.0 (0.4%) 168.3 (0.5%) 672.1 (2.1%) 276.2 (0.9%) 
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Ithaca 1991-1995 1995-2002 2002-2007 2007-2012 1991-2012 2002-2012 
Open Space 14852.4 (76.7%) 14705.0 (76.0%) 14723.6 (76.1%) 14571.1 (75.3%) 14463.1 (74.7%) 14602.1 (75.4%) 
Developed 4304.8 (22.2%) 4269.9 (22.1%) 4419.5 (22.8%) 4533.7 (23.4%) 4097.8 (21.2%) 4349.4 (22.5%) 
Increase of Open Space  2.3 (<0.1%) 233.9 (1.2%) 0.0 (<0.1%) 101.2 (0.5%) 209.2 (1.1%) 70.2 (0.4%) 
Loss of Open Space  199.1 (1.0%) 149.6 (0.8%) 215.4 (1.1%) 152.5 (0.8%) 588.4 (3.0%) 336.8 (1.7%) 
 
Lansing 1991-1995 1995-2002 2002-2007 2007-2012 1991-2012 2002-2012 
Open Space 39727.9 (88.9%) 38958.5 (87.2%) 38856.4 (87.0%) 38472.3 (86.1%) 38337.9 (85.8%) 38495.8 (86.2%) 
Developed 4694.3 (10.5%) 4717.6 (10.6%) 5484.2 (12.3%) 5727.6 (12.8%) 4461.0 (10.0%) 5411.6 (12.1%) 
Increase of Open Space  0.3 (<0.1%) 240.7 (0.5%) 3.3 (<0.1%) 99.5 (0.2%) 233.7 (0.5%) 76.0 (0.2%) 
Loss of Open Space  264.1 (0.6%) 769.9 (1.7%) 342.8 (0.8%) 387.4 (0.9%) 1654.1 (3.7%) 703.3 (1.6%) 
 
Newfield 1991-1995 1995-2002 2002-2007 2007-2012 1991-2012 2002-2012 
Open Space 35548.0 (94.0%) 35200.4 (93.0%) 35173.0 (93.0%) 34952.5 (92.4%) 34904.5 (92.3%) 34958.3 (92.4%) 
Developed 2185.8 (5.8%) 2176.8 (5.8%) 2523.2 (6.7%) 2545.0 (6.7%) 2021.1 (5.3%) 2413.5 (6.4%) 
Increase of Open Space  0.0 (0.0%) 111.2 (0.3%) 1.3 (<0.1%) 116.8 (0.3%) 164.7 (0.4%) 110.9 (0.3%) 
Loss of Open Space  102.2 (0.3%) 347.6 (0.9%) 138.6 (0.4%) 221.8 (0.6%) 745.7 (2.0%) 353.3 (0.9%) 
 
Ulysses 1991-1995 1995-2002 2002-2007 2007-2012 1991-2012 2002-2012 
Open Space 21334.9 (90.5%) 21097.2 (89.5%) 21031.3 (%89.2) 20910.9 (88.7%) 20876.6 (88.5%) 20913.3 (88.7%) 
Developed 2190.1 (9.3%) 2194.4 (9.3%) 2421.0 (10.3%) 2499.8 (10.6%) 2112.3 (9.0%) 2390.9 (10.1%) 
Increase of Open Space  0.4 (<0.1%) 55.8 (0.2%) 11.2 (0.1%) 43.9 (0.2%) 78.2 (0.3%) 41.3 (0.2%) 
Loss of Open Space  60.9 (0.3%) 237.8 (1.0%) 121.6 (0.5%) 131.8 (0.6%) 519.2 (2.2%) 239.6 (1.0%) 
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Analyzing the shift in open space by town can give a better spatial representation of 
where the change is occurring within Tompkins County in addition to understanding how each 
municipal’s planning efforts affect the changing landscape. The summary of open space change 
by town in presented in Table 4.15. The town of Ithaca had the smallest percentage of open 
space (74.7%) to total land out of any of the towns and the highest percentage of developed land 
(21.2%). This makes sense because it surrounds the City of Ithaca. The town of Caroline has the 
greatest percentage of open space throughout all of the years (94.2%) and the smallest 
percentage of developed land (3.8%). For every town, the percentage of open space that 
remained the same decreased for every year while the percent of developed land increased.  
With the exception of Ithaca from 1995 to 2002, there was no town in any year in which 
the increase in open space was greater than the decrease. The town of Caroline from 2007 to 
2012 had a net of zero, meaning the gain in open space equaled the loss. From 1991 to 2012, 
Lansing had the greatest decrease in open space at 3.7% of its land area while Caroline had the 
least loss of open space at only 1.5%, followed closely by Danby with 1.7%. However, both 
Caroline and Danby lost over 50% of their total change open space from 2002 to 2012. On the 
other hand, Groton and Lansing each only lost 43% of their open space from 2002 to 2012. This 
means their rate of open space change decreased after 2002. Interestingly, despite being the most 
developed town, Ithaca had the largest gain of open space over the entire time period (1.1%) 
while the rest of the towns ranged from 0.3-0.5% increase in open space. Enfield, Groton, 
Newfield, and Ulysses all had the majority of their open space growth after 2002. Overall, most 
of the counties behaved similarly with respect to changes in open space. 
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Table 4.16. Open space lost in areas that are of high conservation priority for New York State 
and Tompkins County. a) Change in open space for the State Park Greenbelt and surrounding 0.5 
mile buffer. This is a priority conservation project established in the NYS Open Space 
Conservation Plans. b) Change in open space within the Natural Features Focus Areas. These are 
recommended areas established by Tompkins County for planning purposes. c) Change in open 
space within the Agricultural Districts established by Tompkins County to try and plan for and 
protect valuable agricultural land. 
 
b) NFFA 1991-1995 1995-2002 2002-2007 2007-2012 
 Open Space 100440.2 (93.3%) 99742.1 (92.6%) 99886.5 (92.8%) 99356.3 (92.3%) 
 Developed 7046.0 (6.5%) 6695.8 (6.2%) 7391.3 (6.9%) 7471.3 (6.9%) 
 Increase of 
Open Space 
8.1 (<0.1%) 546.3 (0.5%) 10.4 (<0.1%) 321.8 (0.3%) 
 Loss of 
Open Space 
196.1 (0.2%) 706.2 (0.7%) 401.8 (0.4%) 541.2 (0.5%) 
 
c) Agriculture 1991-1995 1995-2002 2002-2007 2007-2012 
 District One 0.07% 0.40% 0.16% 0.25% 
 District Two 0.08% 0.42% 0.12% 0.13% 
 Both 0.08% 0.42% 0.13% 0.17% 
 
4.3 Integrating the Methods 
 The LULC change maps created above were clipped to areas of high conservation 
priority at various levels to assess if the goals of natural resource protection were being achieved 
on the landscape. This means that the LULC change was calculated within only the high 
conservation priority areas. From 1991 to 1995 there was a significant increase in the net loss of 
open space within a half-mile buffer of the State Park Greenbelt in Tompkins County (Table 
4.16a). This may be due to the 1991 classification map using black and white aerial photography. 
a) State Parks 
Greenbelt 
1991-1995 1995-2002 2002-2007 2007-2012 
 Open Space 11021.8 (86.9%) 10877.6 (85.8%) 10874.2 (85.8%) 10748.2 (84.8%) 
 Developed 1592.6 (12.6%) 1515.8 (12.0%) 1659.4 (13.1%) 1759.1 (13.9%) 
 Increase of 
Open Space 
0.2 (<0.1%) 139.7 (1.1%) 0.8 (<0.1%) 43.4 (0.3%) 
 Loss of 
Open Space 
62.8 (0.5%) 144.4 (1.1%) 143.0 (1.1%) 126.8 (1.0%) 
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From 1995 until 2012 the net open space change has remained relatively constant. There is a 
steady decline of open space being converted to developed areas with little regrowth.   
 The changes in open space for the Natural Feature Focus Areas (NFFA) are presented in 
Table 4.16b.  The results fluctuate between losing a greater percentage of open space versus less. 
There is no linear pattern to open space loss within the NFFA; yet, there are no drastic changes 
between the years either. Finally, the agricultural districts were used as a proxy to determine if 
the agricultural lands were being preserved over the years. Table 4.16c displays the percent of 
agricultural lands which were lost between the years. There is a dramatic increase in agricultural 
loss between the first two change maps; going from losing 0.08% to 0.42% of agriculture within 
both the districts. Following this, the percentage of agriculture lost is reduced to 0.13% but then 
increases again to 0.17%. Since 2002, District one has seen a greater percentage of agricultural 
lands lost compared to district two. A further discussion of how the documents relate to the land 
will be presented in the next chapter. 
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Chapter 5- Discussion 
 
5.1. How have Conservation Plans Changed over the Years? 
5.1.1. New York 
 The top themes for the New York State Open Space Conservation Plans were consistent 
throughout the years. The primary focus for all of the plans was open space conservation, 
specifically the priority projects. The large picture would indicate a strong similarity and 
connection between all the plans, which is important to help plan for the future. However, the 
subtle differences identified from this project indicate that changes in conservation plans may 
occur as a result of the changing external environment. Throughout the years, the New York 
State Open Space Conservation Plans have become more inclusive in their goals and principles. 
They have added to their definition on open space to include areas such as undeveloped scenic 
lands and undeveloped coastal and estuarine lands. This indicates an effort to protect more areas 
that were not present at the beginning of these plans. Over time New York State has taken a 
broader approach to open space. Themes such as wildlife and wetlands emerge. In earlier years, 
forest resources were the first policy recommendations but this has shifted towards water 
systems. Further, the theme of water has shifted from providing water in terms of recreation and 
protection to water quality and clean water resources for the entire ecosystem. These concepts 
emerge from the Leximancer results and are confirmed by the changing priorities and goals in 
the conservation plans.  
The changes in the New York State Open Space Conservation Plans are not linear but rather 
can be represented by a punctuated equilibrium. This is evident in the changes in goals and 
priorities from one plan to the next as well as in the overall Leximancer results. As Table 4.6 and 
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4.7 showed, there were several themes present throughout all the years but when analyzed further 
there is a clustering of similar themes between years. The first two plans were very similar in 
both their goals and priorities, as well as in the themes and concepts that emerge from the 
documents. The top three themes for 1991 and 1995 are the same and the general concepts for 
each theme remain constant. In addition, these were the only two years in which acquisition was 
a theme. The 2002 and 2006 plans represent a departure from the earlier plans yet still have 
subtle differences between them. The definition of open space is broadened and the first changes 
to the principles and goals occurred in 2002.  The 1998 plan represents a growing period 
between the 1991/1995 plans and the 2002/2006 plans. Many themes were present only from 
1998 to 2006, such as projects, wildlife, public, and space. However, the Leximancer concept 
map indicates that the 1998 plan is more similar to the first set of plans compared to the later. 
The most recent plan then represents a dramatic shift in structure and content.  
The 2006 plan includes new principles on sprawl and intelligent growth; however these 
are not reflected in the Leximancer results. Significant changes in themes and concepts are not 
seen until 2009, which reflects a large structural change. Since the 2006 Plan, there were many 
social and political movements towards understanding and planning for climate change, such as 
the National Day of Climate Action (McCright and Dunlap 2011, Moser 2010). There was an 
increase in climate change actions leading up to the Kyoto Protocol but interest quickly died and 
in the 2000 presidential election climate change barely registered as an important issue 
(McCright and Dunlap 2011). Media attention finally started to pick up the climate change 
movement around 2004. After this, the issue extended beyond scientific literature and into public 
discourse (Moser 2010).  
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The 2009 New York State Open Space Conservation Plan reflects this shift in attitude 
and attention. Prior to this plan there was scarce mention of climate or energy but now these 
topics are prominent themes in the documents. The New York Plan even restructured its goals to 
include four new goals on combating climate change. These results indicate that planning 
documents try to match the needs and desires of the greater community and shift their focus with 
the changing environment. Although the 2006 plan had some mention of these new ideas, these 
shifts in themes and concepts are specific solely to the most recent plan. It will be important to 
see if future plans continue with the climate trend, shift focus to a new issue, or revert back to the 
previous structure.  
This most recent New York Plan seems to move away from just an open space plan to one 
that is also focused on growth management and how to expand the state economically yet 
sustainably. For example, prior to 2009 the Open Space Plans had chapters such as “Evaluating 
the Benefits of Open Space” and “Stewardship of Private and Public Open Space Lands,” 
whereas the most recent plan has sections titled “Fostering Green, Healthy Communities” and 
“Connecting New Yorkers with Nature and Recreation.” This is reflected in the Leximancer 
results with the theme of communities, impacts, and change arising for the first time. Also, 
concepts arose such as providing open space and the benefits of resources in addition to 
development of land that was present in several of the documents. While the most recent plan 
had similar themes as previous years the combination of these concepts indicate a shift towards 
using open space as a means for human-use rather than as a means of protecting for 
conservation. This follows Frenkel’s (2004) argument that more places will shift toward growth 
management.  Nelson (1999) believes that states will create growth management plans if simply 
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to become competitive in today’s growing market. Despite this shift in framework, the state still 
relies on the priority conservation projects for open space protection. 
 
5.1.2. Tompkins County 
 The Tompkins County Comprehensive Plans show a similar change to those that 
occurred in the New York Open Space Conservation Plans. Overall the Tompkins County Plan 
represented a greater shift in concepts rather than a shift in structure as seen at the state level. 
The 2015 County Comprehensive Plan introduced a new chapter on climate change, which 
brought about concepts on energy, emissions, and greenhouse gases indicated by the Leximancer 
results. This follows a shift towards a more climate change conscious plan as discussed with the 
New York Plans. The other interesting shift involves the concepts associated with the themes of 
development and Tompkins County. In the 2004 Plan the most prevalent concepts associated with 
both themes were rural, quality, future, natural, and provide. In 2015 these concepts shift to 
economic, use, support, resources, and economy. This signals a shift away from the natural 
quality of life to how the county can plan to economically provide for the residents and how 
development might be of use to them. These slight changes can indicate a shift towards a plan 
with greater emphasis on sustainable development rather than on preserving the natural state. As 
with most planning efforts, the county is faced with determining the trade-offs between 
economic development versus environmental preservation (Munroe et al. 2005). On the contrary, 
natural arises as a theme in itself and the themes of growth and commercial disappear.  
Both years still address similar principles and indicate action items that will address the 
policies and desired principles. Some of the action items still lack an implementation aspect. 
That is, how are these items actually going to be put in place? Tompkins County does a good job 
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of identifying partners and various strategies that might be used but in some instances fails to 
draw a direct connection between the goals and implementation. These minor changes can signal 
a shift in focus between the two comprehensive plans, which potentially indicates a change from 
protection of the natural areas to how these areas can provide for the population. Overall, the two 
plans remained relatively consistent in structure and content. The changes, while minor, still 
represent a shift in concepts and match the changing political environment.  However, the 
relative consistency between the years can be beneficial to the community. It indicates that the 
county has laid out a solid plan for the future upon which they continue to act. Generating drastic 
changes from one comprehensive plan to another can cause some difficulties in implementation. 
The Tompkins County Plans are only eleven years apart compared to a 25-year difference within 
the New York State Plans. It is logical for the county plans to show less change than the state 
plans given the time scale but the changes which did occur are important for the county. 
 
5.2. How do Conservation Plans vary between Governments? 
 When comparing the State, County, and Town plans, several similar themes arose but 
there were also stark differences. All three levels of government had themes related to the 
economy, costs, or funding indicating that money is a large factor when planning for open space 
or development. Aside from the Leximancer results, all three groups of documents look towards 
the future and finding ways to achieve their desired goals; however, this is where many of the 
similarities end. In general, the state plans focus more on the environment and conservation, 
whereas the county and town plans place greater emphasis on development as indicated by the 
primary theme for each collective group of documents.  
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Getting a variety of stakeholders, specifically private landowners, involved in the 
planning process is necessary because they hold most of the undeveloped, unprotected open 
space (Newburn et al. 2005, Munroe et al. 2005). Most of the additional build-up of urban areas 
will come at the expense of unprotected open space (Frenkel 2004). The New York State Plans 
had private as a concept in four of the years with it developing as a theme in two of those; 
however, much of their dealings with private citizens focused on conservation easements.  
Unfortunately, we cannot expect conservation easements to protect all of the natural resources 
associated with private land (Merenlender et al. 2004). More recently the plans started to focus 
on private land stewardship. At the local level, only Danby had a theme related to private. In 
contrast, public emerged as a theme in three town documents and as a concept in five other 
towns. In addition, both of the Tompkins County Plan and all six of the State Plans used public 
as either a theme or concept. The plans at all levels do a good job of trying to provide open space 
for the public but planning efforts may need to have a larger focus on private land conservation 
and stewardship in order to continue the protection of these resources. Although the communities 
recognize the importance of private stakeholders, it would be beneficial for the local plans to 
emphasis greater private land stewardship and provide more incentives and tools for maintaining 
the land.  
Tompkins County and the town plans have a more local focus by having themes such as 
community and town, and related concepts such residents and local. This is understandable since 
the local areas are focused on a smaller geographical area and more concerned with the effect on 
their citizens and land compared to connecting on a larger spatial scale. Development does not 
appear as a theme in the New York State Plans, whereas it is the most prominent theme for the 
Town Plans. Similarly, resources and land dominant in the State Plans but are absent in the 
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municipal plans. Since the State Plan makes suggestions for local planning, the New York State 
Open Space Conservation Plans have the opportunity to be more idealistic in their goals whereas 
the local plans need a more realistic approach. The towns must address what actually needs to 
get done for the area and how it is going to be achieved in order to make their town a more 
productive place. It comes back to having to decide between ideal land use policy, 
socioeconomic and political contingencies, and economic development. The state takes a more 
environmental focus compared to the local economic development focus, which can create an 
implementation gap (Munroe et al. 2005). According to McNeil et al. (2014), weak governance 
tends to reduce environmental benefits while increasing economic benefits, which would confirm 
these results since the state has greater authority and financial capabilities compared to the local 
governments. 
The 2009 New York State Open Space Plan and the 2015 Tompkins County 
Comprehensive Plan established themes and concepts related to climate and energy whereas 
these were not a factor in the collective town plans. However, three towns did have energy as a 
theme when analyzed individually; Caroline, Newfield, and Ithaca. This may be a product of 
when the plans were created. Newfield (2013) and Ithaca (2014) are the two most recent town 
plans and they both discuss energy, whereas Caroline created its plan in 2006. Danby originally 
created its plan in 2003 plan but made minor changes in 2011 so going from the original creation 
date the town would fall into the time-period prior to the increased climate change awareness. 
The only other plan to be created after 2006 was Ulysses (2009), which does not mention 
climate. It is possible that if the other towns were to create new comprehensive plans, they would 
probably include a section on climate and energy.  
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 The majority of these differences may be a result of the style, structure, and means of 
planning. The Towns and County created comprehensive plans that indicate a greater focus on 
development, whereas New York State focused first on open space and then how to fit 
development into the protected environment. This follows the idea expressed by Maruani and 
Amit-Cohen (2007) that there are two different structures of plans depending on the 
government’s focus. One approach, taken by New York State, involves creating a specific open 
space plan which aims to conserve or create open space and recognizes that open space is a 
useful measure for reducing urban sprawl. The other approach is to create a growth management 
plan that creates ways to specifically plan for and reduce urban sprawl. While the second type is 
not specifically designed for open space, it has open space built in as a type of planning measure 
(Taylor et al. 2007, Robinson et al. 2005). This is the method taken by the county and towns. The 
different fundamental structures between the governmental levels can hurt the communication 
and successful implementation of LULC policies. However, the 2009 New York State Plan 
comes into greater coordination with the local plans (Figure 4.6) as it begins to focus more on the 
community and growth for the future. It will be important to analyze future documents to see if 
the trend towards greater similarity continues.  
Urban planning and open space preservation are part of the same process, therefore; the 
most effective way to protect open space is by effectively containing and managing urban 
growth. Ahern (1991) stresses that planning should not just rely on open space but involve a 
comprehensive and integrated process which includes detailed assessments of cultural, visual, 
historical, economic, and legal factors. This would favor the approach by the county and towns; 
they take a more comprehensive approach while emphasizing development. However, when 
growth and development are seen as beneficial and a primary goal for the community, open 
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space often becomes an after-thought in planning (Bradley 1975). In this case the state does a 
better job of focusing on the importance and preservation of open space for the future. Even if 
this is the state focus, their efforts seem to have little impact on the landscape since the planning 
regulations come from the town. If the State wants more effort placed on open space 
conservation they will need to enact greater regulations at the town level. 
 
5.3. Land-Use and Land-Cover Change 
 As with most growing areas, Tompkins County has seen a decrease in open space at the 
expense of development. The greatest loss of open space was vegetative cover, whereas 
recreational areas generally increased or remained the same. The town valued the recreational 
service open space provided to the community compared to maintaining the natural vegetative 
landscape. In this case it was not so much the quantity of open space but rather the quality and 
how it corresponded to the needs of the citizen (Cho et al. 2008, Timperio et al. 2007). However, 
the county showed a small regrowth in agriculture during the last time period, which indicates an 
effort to slow or even reverse the loss of these important lands.  Despite having different 
geographic and demographic characteristics, no clear relationship was presented between the 
town characteristics and landscape. Since each town had similar LULC change results, this 
would indicate that many of the changes occur across the county scale. 
While there has been a loss in open space, Tompkins County as a whole has seen 
relatively low rates of development, which is beneficial to their planning efforts. The largest 
increases of residential development occur around the villages and already populated areas, 
which is consistent with urban sprawl. However, individual housing units are popular in 
agriculture and vegetative areas with no apparent spatial pattern.  Large properties are often 
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locally taxed as potentially developed land, providing an incentive to abandon traditional or 
agricultural uses and to develop the land for homes and profit (Bradley 1975). Portions of 
agricultural land were sold for development, which resulted in this increase of individual or 
small groups of residential parcels over time. This confirms findings by Armstrong and Stedman 
(2012), who found that agricultural landscapes are becoming characterized by intermixed 
agriculture and low-density residential development. The results presented in the previous 
chapter indicate the specific LULC changes associated with the county and towns over the years. 
 
5.4. How do Conservation Plans affect the Landscape? 
It is hard to determine conclusively how changes in the documents affect the landscape. 
However, based on Figure 5.1, we can see that once the county and town comprehensive plans 
came into place there was a decrease in open space loss. Although this trend has since reversed 
and open space loss has been increasing again in recent years. So while planning efforts can help, 
it was found that different government levels can have varying effects on the landscape.  
Figure 5.1. Timeline showing prominent themes and concepts from the planning documents 
along with relative changes in open space in Tompkins County.   
Towns 
Tompkins 
County 
NY 
State 
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Changes in the landscape do not seem to correlate with changes in the New York State 
Open Space Conservation Plans. The State Plans increase their desire to protect water 
environments after 1995 but nothing in the LULC maps reflects this desire. Further, there does 
not seem to be any significant trend in the landscape that would match the trends between the 
plans; therefore, it appears that changes in documents at the state level have little to no direct 
discernible influence on the local landscape. It is important to note that there may be other top-
down factors outside of the Open Space Conservation Plans that can affect the local landscape, 
such as other regulations or monetary factors. The New York State Plan lays out many quality 
goals but fails to mention ways of implementing them all. Although not always effective, in this 
case, the State should move away from just creating recommendations to a system where it 
includes a wider range of stakeholders, public citizens, and local government input to create 
some top-down regulations to reduce both the vertical and horizontal fragmentation that appear 
in the state. However, there still should be a bottom-up approach when it comes to understanding 
what and where open space conservation should occur. 
As is the case with New York, protected-areas are typically determined by regional rather 
than county-wide goals (Newburn et al. 2005). Regional committees can help increase 
communication and efficiency between the state and local governments. According to the scale 
set by Ndubisi and Dyer (1992), the New York Regional Committees would fall into a Type 4 
regional model (out of 5). In this model, regional councils are essentially participatory bodies 
with no implementation authority. In the case of New York, each region supplies a report to the 
government with recommendations and goals for the future; however, it is the State which 
determines which projects get mandated. The region mostly relies on state funds to undertake 
new responsibilities. Further characteristics of the Type 4 model include providing planning 
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information and data for the region, giving advice for the region, and reviewing projects and 
plans presented by local governments. This model has a high degree of political feasibility, as 
seen through the New York plans, yet they are not very responsive due to limited authority and 
responsibility. In this case, this model still places most of the resource demands on both the local 
governments as they have to comply with state regulations. In order for New York to have a 
more successful open space plan, one suggestion would be to increase the role of the regional 
committees. 
New York State established the Tompkins County State Parks Greenbelt as a priority 
conservation project to protect the natural resources from surrounding development. The results 
give an inconsistent picture as to how the area is changing. There is a large increase in both the 
gain and loss of open space from 1995 to 2002 compared with 1991 to 1995. This may be a 
result of the classification maps. Since the 1991 map was completed using black and white aerial 
photography, the classifications may not be as accurate. On the other hand, development did start 
to increase rapidly, which could cause significant changes. Since 1995 the amount of open space 
lost remains at a constant rate with a small decrease over the years. Since there is consistency 
with some improvement, this would indicate that the State Plans are following through on their 
goal to protect the surrounding area by prevent large-scale development. It is also important to 
note that these state parks are also in the Tompkins County Natural Feature Focus Areas; 
therefore landscape changes may not simply be a result of state planning but county and town 
planning as well. 
Since the implementation of the Tompkins County Comprehensive Plan in 2004, the area 
slowed the percentage of increase of residential growth. This signifies that planning measures 
assist in controlling development. Further, there was a large increase in recreational areas. This 
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can correlate with many of the themes present in the 2004 document such as community and 
residents. Further, the LULC change analysis showed an increase in public and institutional land 
areas which can also be attributed to themes of public, growth, and commercial. When analyzing 
the Natural Feature Focus Areas (NFFA) it was found that the change in open space remained 
relatively consistent across the years with no linear pattern. Although there is still an increase in 
development at the expense of open space, there has not been an exponential increase over the 
years. This may indicate that planning efforts are continuing to protect these natural resources 
and resist attempts for development. Over the last decade there has been an exponential increase 
in urbanization but the results from the NFFA indicate that this growth has not been occurring 
around these areas of high importance which signifies that planning measures do affect the 
spatial changes in the landscape. 
 The agricultural districts created by Tompkins County present similar conclusions to 
those of the NFFA in that there was no clear pattern resulting in inconclusive results. It should be 
noted that within the agricultural districts I was only looking at loss of agricultural land rather 
than loss of open space. This can account for the smaller percentages of change. There was 
greater variability between years compared to the NFFA; even after more extensive planning 
measures went into place the loss of agriculture still increased. However, agriculture was not as 
prominent in the documents compared to themes on land, nature, and open space. This would 
indicate that more prominent themes within planning documents are given higher priority on the 
landscape and achieve greater success in preservation. The other reason the loss of agriculture 
was not as consistent as the NFFA can be due to land ownership. Agricultural lands are in the 
hands of the private citizen compared to the NFFA, which can be public and private lands. It 
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may be easier to plan for and protect public lands such as natural resources compared to private 
agricultural land parcels.  
These were the only changes that could be adequately compared between the landscape 
and the planning document. There were definite changes in the landscape over the years but it is 
hard to definitely say with any certainty that these changes can be attributed to planning 
measures. Since the 2015 Tompkins County Plan was adopted after the last LULC map it is 
impossible to tell the effects from the newest document. It would be necessary to follow up with 
this trend in a couple years to see how the landscape has changed.  
Lansing and Ulysses both had significantly less loss of agricultural lands compared to 
other towns. These two towns also developed separate agricultural protection plans. This would 
indicate that creating specific agricultural regulations helps protect agricultural lands or that 
these towns are more driven to protect agricultural lands. Dryden had the only town document to 
use agriculture as a theme yet, it did not result in any significant difference from other towns.  
Danby expressed themes on industrial and transportation. Since the plan was in place there was 
a significant decrease in these lands; however this is uncertain as to whether this matches the 
town’s desires or not.  
When comparing the percentage of open space loss between 1991-2012 and 2002-2012; 
despite cutting the time period in half, 2002 to 2012 often represented less than half of the open 
space loss. This indicates that there are more efforts to preserve open space today than at the 
beginning of the time period. Most of the town comprehensive plans were also developed during 
this time period, which can show that introducing planning measures at the county and town 
scale may have a positive impact on the environment. However, since the LULC images do not 
directly match with the years in which comprehensive plans were developed and the time until 
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implementation is unknown, it is difficult to make definitive statements regarding the 
relationship between documents and LULC change. 
The results follow Geoghegan’s (2002) findings that state level agencies typically 
conserve open space through land acquisition whereas local level agencies’ primary instrument is 
the use of zoning. Comparing the policy instruments used in the documents versus the changes in 
the landscape presents an interesting analysis. While the State level presented the theme of 
acquisition this is difficult to assess using the methods from this project; however, the number of 
individual residential parcels which arose suggests that many private landowners took the 
economic development route over a conservation easement.  
Zoning policies can have greater impacts on landscape and forest fragmentation in areas 
where both the cost of development is lowest and where development pressures are highest. This 
is particularly evident along the fringes of large metropolitan areas (Frenkel 2004). Different 
zoning practices result in significant differences in forest fragmentation and urbanization growth 
(Munroe et al. 2005). Caroline, Enfield, and Newfield all do not have specific zoning 
regulations; yet the changes in the landscape for each of those towns are not greatly different 
from those towns that do include zoning. Interestingly, the town of Carolina had the least loss in 
open space. This may be attributed not to zoning but to the fact that rural was the main priority 
in the town document and one of the only towns not to indicate development as a theme. These 
themes in Caroline’s comprehensive plan may also be attributed to the town having the smallest 
increase in percentage of residential areas. Another factor to consider is that Caroline has the 
largest percentage of open space to begin with along with the smallest town population. The 
town of Ithaca is the only town to have cluster zoning. Interestingly, Ithaca did have the largest 
increase in open space over the years. Cluster zoning may account for this since the town will 
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develop in areas that have already been developed which allows for previously cleared areas to 
regrow without disturbance. Ithaca is also the most developed town in the county; therefore the 
effect of cluster zoning is difficult to assess from this project. 
Many towns saw a smaller net loss of open space land between 2007 and 2012 than 
earlier. This time period is when the majority of comprehensive plans were developed and set to 
action. This would indicate that having a comprehensive plan is beneficial to the environment 
even if the document’s primary theme is development.  In general there were no major 
differences in either the landscape or documents between towns. These similarities make it 
difficult to conclude if there is a strong relationship between planning documents and changes in 
the landscape. Even when factoring area and demographics of each town there are no significant 
differences. All of the towns keep a similar structure for their plans, which may attribute to the 
similarity in their landscape changes. However, the changes that do occur in the landscape can be 
greater attributed to the town or county plans rather than the state plans. Successful policies 
should therefore use local, bottom-up approaches in order to have a meaningful impact on land-
use decision making (Theobald et al. 2000). The regulations and goals of the towns generate the 
most impact on the local landscape, whereas the impact of the state’s goals is negligible. 
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Chapter 6: Conclusion 
 
 The loss of open space, especially in the conversion of vegetative cover and agricultural 
lands to developed areas, has been on the rise in the past decades. This is troubling due to the 
environmental, economic, and societal benefits open space can provide to a community. 
Governments from the town, county, and state level are trying to implement planning measures 
to prevent wide-spread open space loss. There has been a lack of studies that use remote sensing 
and GIS in the policy cycle, specifically in tying these technologies to specific planning efforts. 
Using Tompkins County, New York, this project sought to assess if a relationship could be 
drawn between the planning documents put in place at these various governmental levels and 
changes in the landscape. 
 First, it was found that planning documents vary in structure and content both between 
years and between different levels of government. Planning documents shift the focus and goals 
of their plans over time with the changing society. These changes occur from the local to the 
state scale and can often be the result of external factors, such as national issues. However, the 
structure of the planning document varies based on governmental level. New York State presents 
an open space conservation plan compared to the county and town plans, which produce a 
broader comprehensive plan. The difference in plan structure (i.e. conservation plan versus 
comprehensive plan) between the state and local governments results in diverse goals and 
priorities. These differences may contribute to an implementation gap between the levels of 
government. The New York Open Space Plans have value to the community and benefits for the 
environment but may not be reaching their maximum potential. The State Plans provide 
suggestions but unless they have actual implementation strategies in place the state’s power is 
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limited when it comes to landscape change. The county and town planning efforts have a much 
larger effect on the landscape; therefore, the state should work in greater collaboration with local 
governments to achieve the desired results. 
 Land-use and land-cover change was analyzed at both the county scale and town scale. 
Although numerous changes were detected, the results were unable to show a strong connection 
between how different town planning efforts relate to changes in the landscape. Most of the 
towns focused on development followed by the natural environment. Despite different 
demographic and geographic characteristics, the similar landscape changes may be the result of 
similar town planning efforts. Although some towns had previous comprehensive plans, the 
landscape changes were too variable to draw any definitive conclusions. However, typically 
more extensive planning efforts, such as creating a separate document on agriculture protection, 
results in greater protection of natural resources. The results showed that creating comprehensive 
plans can have an impact on the landscape, even if just for a short time period. Since the town 
documents used in this project were published in comparatively recent years, a longer study will 
be needed to fully quantify the effects.  
 Local policies can play a large factor when planning for open space. Although this 
project did not delve into many of the personal relationships, or human induced reasons behind 
planning, it did show the necessity of local planning. Often towns work in the best interest of 
their community with little regard for the surrounding area. Despite different characteristics, this 
projected showed the many of the towns within Tompkins County work in harmony with each 
through their comprehensive plans. Some towns choose to focus more heavily on different areas 
due to their residents and planners opinions, needs, and desires, but in general the county looks 
to protect open space at a county-wide spatial scale. It would be interesting to delve further into 
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the human characteristics, such as local politics, of the towns to gain insight into why certain 
towns stress particular themes, where conflicts between towns might arise, and how 
communications across jurisdictions can further aid in protection of open space. 
 This project was unable to suggest why some towns may better be able to conserve land 
compared to others. Even though there were minor differences between plans, all of the towns’ 
comprehensive plans had similar structures and goals for the future. In the same manner, there is 
no conclusive evidence that the policies that are put in place are actually being implemented. The 
amount of open space change may be affected but attributing a specific policy goal, for example 
water protection, to the landscape changes was inconclusive. There is still an implementation gap 
between vertical levels of government, policy plans, and the actual changes in the landscape. 
This inconclusive evidence leads to several recommendations for future studies.  
 
Recommendations 
 Although this studied assessed land-use and land-cover change from 1991 to 2012, there 
were limited data available so only six of those years could be adequately quantified. In order to 
fully address how the land is changing, it would be important to fill in some of the gaps and 
create classification maps for more years. In addition, this can assist in understanding how long it 
takes policy recommendations to be translated onto the landscape. For example, if a certain 
policy went into place in 2000, it would be important to track the changes year by year to see 
when those policies actually take effect. Having a larger dataset, especially in the late 2000s, 
when many of the town comprehensive plans were formed, would assist in analyzing the 
relationship between documents and LULC change.  
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Further, this study does not evaluate how the policies laid out in the comprehensive plans 
are implemented. Brody et al. (2006) note that studies evaluate plans as guides for future 
development as opposed to determining how these policies are implemented after the plans are 
adopted. It is recommended that future studies delve further into the policy instruments used in 
planning and how these instruments are translated into action. This can be especially important at 
the local scale to understand how local politics and local government structure can affect the 
planning process and policy implementation. This may provide a better understanding as to why 
some areas may do a better job at preserving open space compared to other areas. Brody et al. 
(2006) also mention that a case-study analysis for a specific jurisdiction cannot be generalized to 
a larger spatial scale to variations between not only states but counties and municipalities as well. 
Since many of the towns in Tompkins County shared similar attributes, analyze of another 
county in New York to assess how their conservation plans align with the state’s goals is 
recommended. 
Planning efforts can have a strong impact on the landscape. In order to maximize the 
benefits it is necessary that the planning process involve a variety of stakeholders, establish 
cooperation between regional and state governments, and provide clear goals and 
implementation methods. Strategies such as cluster zoning may help prevent landscape 
fragmentation and protect existing open space. It is important for towns to plan for the future and 
understand the tradeoffs between economic development and environmental protection. If done 
with cooperation and clear objectives, both can be achieved. Through the Tompkins County 
Council of Governments, the county does a good job of incorporating the municipalities into 
their planning process and of encouraging this cooperation and communication. These types of 
councils are recommended for other areas to ensure successful regional planning. 
112 
 
 
This project highlighted several differences between documents and noted significant 
landscape changes but failed to definitively prove a direct relationship between policy efforts and 
landscape changes. Although it is concluded that planning efforts aid in preventing the 
exponential growth of development in an area and measures should be taken to protect the 
natural resources, these results are were not able to be quantifiably measured with this study. 
This study highlighted the potential geospatial technologies provide in the policy process or 
more broadly, in the geodesign concept. Geodesign is a technique that looks to integrate 
technologies with planning models for the built and natural environments. This study works to 
bridge the gap between GIS and design so the two may work in tandem to plan for the future. 
Further studies that utilize both document analysis and remote and GIS techniques can result in 
positive benefits for open space protection and community development. 
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Appendix A: Classification system  
 
Specific classes and descriptions produced by the Tompkins County Planning Department 
(1995). 
General Specific Description 
Agriculture 
(Open Space) 
Ac 
Cropland: Tillable land used for growing cultivated field crops, 
forage crops, grain, beans, etc. Hedgerows separating defined Ac 
areas will be delineated as separate classes (typically Fd, Fm, Fb or 
Fc) if they are greater than 20 meters wide. 
Ap 
Pasture: Areas used for grazing. Will be enclosed by fence and may 
have small trees and shrubs. Will be located adjacent to livestock 
farm.  
At Tree farm: Areas used for cultivating trees, primarily Xmas trees. 
Av 
Vineyards: Grape growing farms and pastures which may include 
winery buildings. 
Ao 
Orchards: Farmland dedicated to growing tree products including 
associated buildings. 
Ah 
High intensity cropland/horticulture: Nurseries, including green-
houses, vegetable production areas, and other gardens more than a 
half-acre in size. 
Ad 
Cattle: Farmland used for the feeding and milking of dairy cattle as 
well as for beef cattle.  Barn with silos and feedlots are included.  
Af Fishery: Fishery ponds and associated buildings. 
Ae Horse farm: Horse barns, feed lot, and animal recreation areas. 
Ay 
Other farms: Poultry, sheep, swine, game, mixed animal farms, 
animal shelters, and farms that produce livestock feeds (granaries). 
Barren or 
Disturbed 
(Developed) 
Dl 
Disturbed Land: Land that has been cleared of vegetation and the 
interpretation of any identifiable or defined land use class is not 
possible. 
Db 
Barren Land: Land that is composed of either rock, gravel or sand, 
which cannot be cultivated or associated with any other defined land 
use class. 
Da 
Abandoned: Areas that include buildings and facilities that are 
interpreted as abandoned or vacant. 
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Commercial 
(Developed) 
Cbd  
Central Business District: Commercial/residential centers of city 
and villages where mixed land uses of Commercial, 
Public/Institutional, and high density Residential exist. There may be 
buildings that comprise more than one type of land use, such as a 
storefront on the first floor, offices on the second floor, and 
residences on the third floor. Land uses are mixed and are high in 
density.  Any LULC classes that are not Commercial or Residential, 
and are at least one-half acre in area, will be delineated as per their 
interpreted class. 
Cc 
Shopping Centers/Malls: Commercial areas that are predominately 
shopping centers and malls including significant surrounding parking 
facilities. 
Cr 
Retail: Commercial areas along roadways not associated with 
distinct commercial centers or large shopping malls.  Will include 
linear highway corridor development, as well as individual retail 
businesses and services that may exist within residential or industrial 
areas. 
Co 
Offices: Buildings that contain administrative offices, as well as 
facilities that include business or technology services that are not 
predominantly retail orientated. Facilities may be part of a 
business/technology/industrial park.  In some cases medical offices 
(Ph) may be included if they do not constitute the dominant land use. 
Cs 
Commercial Storage: Indoor and outdoor commercial storage 
facilities for public rentals and warehouse/storage facilities not 
associated with adjacent commercial or industrial land uses. 
Inactive 
Agriculture 
(Open Space) 
Ai 
Inactive: Farmland and fields that appear to be no longer used for 
farming practices.  Fields may appear to be growing over with tall 
grasses and small shrubs. 
Industrial, 
Transportation, 
Transmission 
(Open Space) 
Il 
Light Industry: Facilities and grounds that include activities 
associated with the manufacturing, processing, fabricating, assembly, 
finishing, packaging, warehousing, and outdoor storage of products. 
Ia 
Agriculture Industry: Buildings and facilities associated with agri-
business. 
Iu Utilities: Power plants and substations. 
Ie Extractive: Salt mining operations, gravel pits, rock quarries. 
It 
Communication Towers: Communication tower sites at ground 
level including areas occupied by guide wires. 
Th 
Highway: The limited access sections of Route 13 that include at 
least 4 total traffic lanes.  Associated interchanges and ramps will 
also be delineated within this class. 
Tr Railroads: Active railroad right of ways including switchyards. 
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Ta 
Airport or active airstrip: Includes all public and private airport 
facilities, hangars, parking facilities, and runways. 
Tc 
Bus depot, fleet storage, garage for public vehicles: Places that 
store large number of cars, vans, trucks or buses for purposes of 
public use and transportation. Examples include Cornell’s fleet 
storage, T-CAT, ISCD school bus depot. 
Public, 
Institutional 
(Developed) 
Pr 
Church/synagogue/monastery: Houses of worship.  Will be 
delineated only if the parcel on which the facility(s) is located is at 
least one-half acre in area.  
Pc 
Cemetery: Cemeteries at least one-half acre in area will be 
delineated. 
Pe 
Educational: All schools, university and college academic 
buildings, research facilities, and associated parking facilities and 
quads. College campuses include other land uses that, if at least one-
half acre in area, will be designated as distinct LULC classes.  Pe 
will be used only for the academic and research related buildings and 
the surrounding parking lots and grounds. This class also includes 
other learning centers such as the Sciencenter, Cayuga Nature Center 
and the Fingerlakes School of Massage. 
Ph 
Health facilities: Hospital, health clinics, medical offices, and 
nursing homes. 
Pj 
Correctional facilities: County jail, secure work camps, and other 
correctional centers. 
Pd 
Solid waste disposal: Waste disposal sites such as recycling centers, 
landfills, exposed dumps and private junk yards. 
Ps 
Sewage treatment facilities: Facilities whose primary function is 
the treatment of waste water. 
Pw 
Water management facilities: Facilities whose primary function is 
management of drinking water. 
Pt 
Water Tank: Tank used as reserve of water, either for drinking 
water or for filling of fire department trucks.  
Pp 
Public works: Areas that include facilities for highway departments, 
fire departments, public safety, maintenance buildings, and related 
storage areas. Public works facilities present on the educational 
campuses that are at least one-half acre in area will be classified as 
Pp. 
Pf 
Community center, social hall, fraternal lodge: American 
Legions, Veterans associations, and community centers where social 
events, Bingo, pancake breakfasts and chicken bbq fund raisers 
occur. 
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Po 
Governmental office facilities: Includes all local, state, and federal 
governmental office facilities that are interpreted to be the dominant 
land use.  This class includes courthouses, town halls, and other 
public service and administrative facilities. 
Recreation 
(Open Space) 
Og Golf Course: Includes driving ranges, club house and greens. 
Om 
Marina/Yacht club: Public and private boat clubs and launching 
areas including clubhouse and associated buildings and boat yard. 
Oc  
Campgrounds: Public and private camping areas, including areas 
designated for camping in state and town parks as well as private RV 
parks. 
Ot 
Stadiums/track/ball fields: Sporting fields that may or may not be 
associated with schools and parks. Baseball diamonds, tennis courts, 
running track, soccer and football fields with goal posts, swimming 
facilities. Motor tracks included. 
Oh 
Hunt clubs: Land areas used specifically for the sport of hunting.  
May include shooting range and fields for practice of this sport. 
Op 
Parks: Public parks as well as Cornell Plantations including picnic 
areas, walking/hiking/running trails, playgrounds, manicured lawns, 
and landscaped areas within park boundaries. 
Oe 
Recreation corridors: Areas characterized as linear recreation ways 
for uses such as trails and paths associated with outdoor recreation 
activities and pedestrian connections. 
Or 
Youth & religious camps: Cabins and other buildings associated 
with summer camps and or religious retreats. 
Os 
Recreational shoreline: Shoreline where land use is recreational 
lake access. Docks and boat moorings may exist. Consists of rocky 
shoreline land cover.  Boundaries vary with lake levels. 
Residential 
(Developed) 
Rh 
High density residential: Residential land areas with approximately 
5 or more dwellings on average per acre. Comprised mainly of urban 
areas of residential land use patterns including densities ranging from 
single family structures to multi-unit apartment buildings. 
Rm 
Medium density: Residential land areas with more than 1, but less 
than 5 dwellings on average per acre.   
Rl 
Low density: Residential land areas with a maximum average of 1 
dwelling per acre. 
Rp 
Manufactured home park: Residential land areas with a density of 
4 or more manufactured homes on average per acre and a designation 
of the property as a manufactured home park or subdivision. 
Vegetative Cover 
(Open Space) 
Fd 
Deciduous: Forested areas where broadleaf trees make up at least 
80% of the tree cover. 
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Fc  
Coniferous: Forested areas where needle trees, such as pine, spruce, 
fir and hemlock make up at least 80% of the tree cover. 
Fp 
Forest Plantation: Rows of mature trees, primarily conifers, planted 
by man.  
Fm  
Mixed forest: Forested areas with mixed coniferous and deciduous 
trees. The ratio of the predominant coniferous or deciduous tree 
stands must not exceed 80%. 
Fb 
Brush: Areas that have considerable growth of shrubs and small 
trees, but cannot be classified as forest. The brush land cover must 
occupy at least 80% of the delineated area.  Forest and grassland may 
be incorporated into the remaining 20%. 
Fg 
Grassland: Open grassy areas with no associated adjacent land uses.  
May include small amounts of shrubs, trees and brush. The grassland 
cover must occupy at least 80% of the delineated area.  The 
remaining 20% may be trees, shrubs and brush. Grassland areas may 
be naturally occurring, or may be regularly mowed. 
Water 
(Open Space) 
Wn 
Natural Lake/Pond: Bodies of water that are not formed by 
damming creeks. Ponds may be man-made. 
Wc Reservoir: Bodies of water that are formed from damming creeks. 
Wetlands 
(Open Space) 
Ww 
Wooded Wetland: Wooded areas that show considerable amounts 
of water beneath the trees. 
Wb 
Marsh, bog, shrub wetlands: Areas of wetlands that contain 
grasses, scrub, brush, and are void of tall trees. 
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Appendix B: Leximancer Concept Maps 
 
Figure B1: Town of Caroline concept map 
 
 
Figure B2: Town of Danby concept map 
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Figure B3: Town of Dryden concept map 
 
 
Figure B4: Town of Enfield concept map 
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Figure B5: Town of Groton concept map 
 
 
Figure B6: Town of Ithaca concept map 
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Figure B7: Town of Lansing concept map 
 
 
Figure B8: Town of Newfield concept map 
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Figure B9: Town of Ulysses concept map 
 
 
Figure B10: 2004 Tompkins County concept map 
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Figure B11: 2015 Tompkins County concept map 
 
 
Figure B12: New York State Open Space Conservation Plan 1992 concept map 
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Figure B13: New York State Open Space Conservation Plan 1995 concept map 
 
 
Figure B14: New York State Open Space Conservation Plan 1998 concept map 
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Figure B15: New York State Open Space Conservation Plan 2002 concept map 
 
 
Figure B16: New York State Open Space Conservation Plan 2006 concept map 
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Figure B17: New York State Open Space Conservation Plan 2009 concept map 
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Appendix C: Classification maps 
Data contained in these products were originally produced by the Tompkins County Planning 
Department and may not be reproduced or redistributed without the express written consent of 
the originator. The originator does not warrant the accuracy or completeness of the information 
portrayed by the data, as it is currently still in draft format. 
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Appendix D: Open Space change maps 
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